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Abstract 
 
The Axon Guidance  Molecule Sl i t2  impairs pancreatic 
cancer metastasis in vivo  and neural  invasion in vi tro  
Ba ck ground  a nd a im :  Ea r l y  d i ss em in a t i on  o f  pan c re a t i c  duc t a l  
a de no car c i nom a  ( PDAC)  v i a  vas cu la r  r ou te s  a nd  n eur a l  i n va s ion  l im i t s  
c u ra t i ve  t h e ra p y  in  t h i s  de va s ta t ing  d i s ea se ,  s ug g es t i ng  a  ce n t ra l  r o l e  
f o r  t h e  i n te r ac t io n  o f  t um or  ce l l s  w i t h  b lo od  vess e ls  a nd  n e r ve s  i n  t he  
t um or  s t r oma.  S l i t 2  a nd  i t s  r e cep t o rs ,  Rob o1  an d  Ro bo 4 ,  c on s t i t u t e  a  
s ys tem  o f  g u id ance  c ue s  t ha t  f un c t ion  i n  a xo n  g u id an ce ,  ang iog e ne s i s  
a nd  ep i t he l ia l  m orp hog e ne s is ,  r e sp ec t i ve l y .  Mo re  re cen t l y ,  a  t umor  
s up pre ssor  f u nc t ion  o f  S l i t 2  wa s  p r opo se d .  Her e ,  we  s tu d ie d  t he  
e xp r ess ion  o f  S l i t 2  i n  PDAC a nd  i t s  f unc t i on  f o r  t umo r  g ro wth  and  
d i ss em ina t i on .   
Met hods  and r es u l ts :  Qu an t i t a t i ve  RT -PCR r e vea le d  a  re duc ed  S l i t 2  
m RNA e xpr ess ion  i n  sp ec ime ns  o f  hum an  PDAC as  c omp are d  t o  no n-
t ra ns f o rme d  p an c re as .  C l in i ca l l y ,  r e du ce d  S l i t 2  m RNA e xpre ss ion  
c o r re l a te d  w i t h  a  h ig h er  in c i de nc e  an d  a  h ig her  e x t en t  o f  l ymp ha t i c  
me t as t as is .  I n  co n t ra s t ,  t he  S l i t 2  r ec ep t o rs  Rob o1  a nd  Ro bo 4  were  
u n i f o rm ly  p r es en t  i n  c l i n i ca l  sam p les  o f  PDAC a nd  h ea l t h y  p anc r eas  
a nd  d is p la yed  d i f f e r en t ia l  l oc a l i za t io n  o n  ep i t he l ia l  t umor  ce l l s  ( Ro bo 1)  
a nd  t umor  vas cu la t u re  ( Rob o4)  i n  immu no h i s to ch emic a l  a na l yses .  
Mo r eo ver ,  pa nc r ea t i c  ne r ves  e xh ib i t ed  s t ro ng  Rob o1  immu nor ea c t i v i t y .  
Co ns is t en t  w i t h  red uc ed  S l i t 2  mRNA l e ve l s  in  PDAC sp ec im ens ,  S l i t 2  
wa s  f ou nd  s ub s ta n t ia l l y  r ed uce d  o r  l o s t  i n  p oor l y - d i f f e re n t ia t ed  h uman 
PDAC ce l l  l i n es ,  r es pe c t i ve l y .  S ta b le  o r  i nd uc ib l e  re - e xp r ess ion  o f  S l i t 2  
i n  PDAC ce l l  l i n es  i n h ib i t e d  t h e i r  m ig ra t io n  a nd  in vas io n  in  t r a ns we l l  
a ss a ys ,  an  e f f ec t  t h a t  was  p r e ve n ted  b y  co - t r ea tm en t  w i t h  a  so lub le  
Ro bo 1  d eco y  rec ep t o r  o r  a  s o lub le  Ro bo 1-Fc  f r ag ment .  Tum or  ce l l  
d e r i ved  S l i t 2 ,  f u r t h e rmor e ,  su ppr ess ed  VEG F- in duc ed  l ame l l i p od ia  
f o rmat io n ,  as  we l l  a s  m ig ra t i on  o f  p r imar y  e nd o th e l i a l  ce l l s .  F in a l l y ,  i n  
v i vo  s t u d ies  i n  o r t h o to p ic  hum an  xe n og ra f t  a nd  m ou se  s yng en e i c  
p an c re a t i c  c an cer  mo de l s  r e vea led  t ha t  r e -e xp r ess ion  o f  S l i t 2  i n  PDAC 
c e l l s  i nh i b i t e d  t umo r  g ro wth ,  i n vas ion ,  me t as t as is  a nd  a ng iog e ne s is .  
Co ns is t en t l y ,  f un c t i o na l  i nac t i va t io n  o f  S l i t 2  i n  S l i t - c omp ete n t  PDAC 
c e l l s  v ia  le n t i v i r a l -me d ia t ed  Rob o1  re ce p to r  k nock do wn  s t imu la t ed  
t um or  ce l l  m ig ra t i on  i n  v i t r o ,  an d  en ha nc ed  in vas ion  a nd  met as t as is  i n  
v i vo .  I n  o r de r  t o  e va lua t e  t he  e f f ec t s  o f  S l i t 2  on  n eur a l  i n vas ion  we  
u se d  co -c u l t u r es  o f  t um or  ce l l s  w i t h  d o rs a l  r oo t  g ang l i a  ( DRGs)  t o  
mo n i t o r  PDAC ce l l  mo vem ent  a l ong  t he  con du i t  p r o v i de d  b y  ou tg ro wing  
n eur i t es .  I n du c t i on  o f  S l i t 2  i n  PDAC ce l l s  imp a i re d  t he  un id i r ec t io na l  
m ig ra t io n  a lo ng  ou tg ro w ing  ne ur i t e s .   
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Concl us i on:  T hese  d a ta  c on f i rm  th e  no t i on  o f  S l i t 2  a s  a  t umor  
s up pre ssor  in  PDAC.  S l i t 2  su ppr es ses  mot i l i t y  a nd  in vas ion  o f  PDAC 
c e l l s  a s  we l l  as  t h e i r  a ng iog en ic  a nd  m etas t a t i c  c ap ac i t y .  Th us ,  
d i s ru p t io n  o f  S l i t 2  d ep en de n t  s ig na l ing  p a th wa ys  l i k e l y  s up por t s  t he  
ag g res s i ve  ph en o typ e  o f  PDAC c e l l s .  I n  pa r t i c u la r ,  t he  l oss  o f  S l i t 2  
me d ia t ed  r ep u ls i ve  s ig n a ls  ma y  c r ea te  a  pe rm iss i ve  en v i ro nment  f o r  
PDAC c e l l  m ig ra t i o n  a l ong  p an c rea t i c  n e r ves ,  t h e re b y  f ac i l i t a t ing  
n eur a l  i n vas ion .  
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Zusammenfassung 
 
Das Axon Guidance  Molekül  Sl i t2  inhibier t  neurale 
Invasion und Metastasierung des Pankreaskarzinoms 
 
E in l e i tung  und Z i e le :  Lok a le  I n va s ion  un d  Aus bre i t ung  vo n  
Tumor ze l le n  en t lang  vo n  Ner ven  u nd  Ge f äße n  l im i t i e re n  de n  Er f o lg  
k u ra t i ve r  T her ap ie n  un d  d ie  Pr og nos e  vo n  Pa t i en t en  m i t  
Pa nk reask ar z i nom ( PDAC) .  S l i t 2  u nd  se ine  Rob o-Re ze p to r en ,  Rob o1  
u nd  Ro bo 4  s i nd  ax on  g u id anc e  Fak to ren ,  we lc he  d i e  Na v iga t i on  von  
Ner ve n  un d  G e f äße n  so w ie  d ie  Mo t i l i t ä t  von  Ep i t he l ze l le n  s te uer n .  S ie  
s t e l l e n  s om i t  a t t r ak t i ve  Reg u la to re n  d e r  k l i n i sc h  b ed eu ts amen 
Aus bre i t ung s weg e  d es  PDAC dar .  Ne uer d ing s  k on n te  f ü r  S l i t 2  auch  
e i ne  t um or -s up pre ss i ve  W i r k ung  b e leg t  we rde n .  Z i e ls e t zu ng  de r  
vo rg e leg te n  Ar be i t  wa r  d ie  Ch arak te r i s i e ru ng  de r  Expres s io n  vo n  S l i t 2  
im  PDAC un d  s e ine r  Funk t io n  f ü r  Tumo r wac hs tum un d  -au sbr e i t u ng .   
Met hodik  und Res ul ta t e :  Qu an t i t a t i ve  Expr ess ions an a l ys e n  be leg ten  
e i ne  de u t l i ch e  Re duk t io n  d e r  S l i t 2  mRNA- Expre ss io n  in  hum an en  PDAC 
P ro be n  im  Verg le i ch  zu  g esu nd em  Ge we b e .  Be i  Pa t i en t en  m i t  
ve rm in der t e r  S l i t 2  Expr es s ion  wa re n  S l i t 2  mRNA-W er te  u n te r ha lb  des  
Me d ia ns  m i t  e i ne r  h öh ere n  I n z i de n z  l ym ph a t i sc her  Me t as t as ie rung  und  
e i nem  g e s te ig e r te n  P ro ze n tsa t z  b e f a l le ne r  L ym phk n o te n  ve rb un de n .  Im  
Geg e ns a t z  d a zu  ze ig t en  immu nh is to ch em isc he  Un t e rs uc hu ng en  d e r  
S l i t 2 - Re zep t o re n  Ro bo 1  u nd  Ro bo 4  ve rg le i ch bar e  Imm un reak t i v i t ä t  i n  
d en  PDAC- Pro be n  u nd  im  g es un de n  Ge we be ,  wo be i  e i ne  d i f f e ren t ie l l e  
L ok a l i sa t i on  i n  e p i t h e l ia le n  Tumor ze l l e n  ( Ro bo 1)  u nd  Tumorg e f äßen  
( Ro bo 4)  zu  be ob ac h te n  war .  Da rüb er  h i na us ,  w ie s en  i n t ra -
p ank re a t i sc he  Nerve n  e in e  s t a r k e  Immu nre ak t i v i t ä t  f ü r  Ro bo 1  au f .  
Äh n l i ch  de n  h uma ne n  PDAC Pr obe n  w ie se n  au ch  sc h lec h t -
d i f f e re n z ie r t e  huma ne  PDAC Ze l l l i n ie n  e in e  s t a r k  ve rm in der t e  mRNA-
Expr es s ion  od er  e i ne n  Ver lu s t  von  S l i t 2  au f .  D ie  s t ab i le  od er  
i n du z ie r ba r e  Re-Exp re ss io n  von  S l i t 2  i n  s o lch en  S l i t 2 - de f i z i en t en  
Ze l l l i n ie n  f üh r t e  zu  e i ne r  Hemmu ng d e r  g e r i c h te t en  Mig r a t io n  u nd  
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I n va s ion ,  e in  E f f ek t ,  we lc her  du r ch  d ie  g le i ch ze i t i g e  Gabe  de s  lös l i chen  
Ro bo 1-Re zep t o rs  o d er  e i ne s  l ö s l i ch en  Rob o1- Fc - F rag ments  
a u fg eh ob en  wer den  k o nn t e .  Außerdem  hemmte  S l i t 2 -k on d i t i on i e r t e s  
Me d ium  a us  Tum or ze l l en  d ie  VEG F- ind u z ie r t e  B i l du ng  von  
L ame l l i p od ien  u nd  d i e  M ig r a t i on  p r imär e r  Endo t he l ze l le n .  Sc h l ie ß l i ch  
ze ig t en  i n  v i v o  S t ud ien  an  o r t h o to pe n  h uma ne n  Xe nog ra f t - Mo de l l en  und  
a n  e i nem  mur i ne n ,  s yng e nen  pa nk re a t i sc he n  Tumormo de l l ,  das s  d ie  
Re- Expre ss io n  von  S l i t 2  i n  PDAC Ze l l en  T umor wac hs tum,  I n vas ion ,  
Me t as t as ie r ung  u nd  Ang iog e ne se  red u z ie r t .  Umg ek ehr t  ze ig te n  PDAC 
Ze l le n  m i t  e nd oge ner  S l i t 2  Expr es s io n  n ac h  Un t e rb rec hu ng  de r  
S l i t / Robo 1  I n te r ak t io n  du rc h  le n t i v i r a l - ve rm i t t e l t em  Ro bo 1- Re zep to r  
k no ckd own  ve rs tä rk te  Tum or ze l l - M ig ra t i on  i n  v i t r o ,  s ow ie  ve rm ehr te  
I n va s ion  u nd  Met as t as ie rung  i n  v i v o .  E f f ek te  von  S l i t 2  a u f  d i e  neu ra le  
I n va s ion  wur de n  in  Ko- Ku l t u re n  vo n  T umor ze l le n  m i t  Sp in a lg ang l ien  
( H in t e r wur ze lg a ng l ie n )  g epr ü f t ,  d ie  e s  e r la ub t en  d i e  g e r i ch t e te  
Mig r a t io n  d e r  Tum or ze l l en  e n t l ang  a uss pr ie ße nd er  Ne ur i t e n  zu  
ve r f o lg e n .  D ie  I nduk t io n  von  S l i t 2  in  PDAC Ze l l en  ve rm ind er te  d ie  
g e r i c h te t e  Mig ra t i on  vo n  Tumor ze l le n  e n t la ng  au sspr i eßen der  Neur i t e n .   
Sc hlussf o lgerung:  D ies e  Da te n  we i se n  S l i t 2  d ie  Funk t io n  e in es  
Tumor su ppr ess ors  im  d uk ta l en  Pa nk re ask ar z i nom  zu .  Au f  f unk t i on a le r  
Eb en e  i nh ib i e r t  S l i t 2  d ie  Mo t i l i t ä t  und  I n va s ion  vo n  PDAC Ze l len ,  so w ie  
d e re n  ang iog e ne  u nd  met as ta t i sch e  Ka pa z i t ä t .  Es  l i eg t  d ah er  na he ,  
d as s  e in e  S tö r ung  d es  S l i t 2 - Ro bo  S ig na lweg e s  e i ne n  ag g res s i ve ren  
Ph än o t yp  vo n  PDAC Ze l le n  b eg üns t ig t .  I nsb es on der e  d e r  Ver l us t ,  S l i t 2 -
ve rm i t t e l t e r ,  r ep u ls i ve r  S ig n a le  k önn t e  d ah er  Bed ing ung e n  sc ha f f en ,  
we l c he  d i e  M ig ra t io n  vo n  PDAC Tumor ze l le n  en t l ang  p ank rea t i scher  
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1. Introduction 
 
1 .1 Pancreatic Ductal Adenocarcinoma (PDAC) 
 
Pa nc re a t i c  d uc t a l  ad en oc arc in oma  ( PDAC)  i s  am ong  the  l e ad ing  c aus es  
o f  ca ncer  r e la t ed  de a th s  i n  t h e  wes t e rn  wo r l d  [1 ,  2 ] .  Th e  h ig h  mor t a l i t y  
o f  pa nc re a t i c  c ance r  [ 3 ]  i s  r e f lec t ed  b y  a  5 - year  s u r v i va l  r a te  o f  l es s  
t h an  5  % [1 ,  4 ] .  
A  l a te  on se t  o f  c l i n i ca l  s ymptom s  a nd ,  co ns eq uen t l y ,  a  l a t e  d iag n os is  
c omb ine  u n f a vo r ab l y  w i t h  a n  ag g ress i ve  co urs e  o f  t h e  d i se ase  an d  an  
e x t rem e l y  po or  e f f i c ac y  o f  s ys tem ic  t h e ra p ies  [ 5 ] .  Me d ia n  o ve r a l l  
s u r v i va l  t imes  a re  t h e re f o re  4  t o  6  mo n th s  in  pa t ie n t s  w i t h  me t as t a t i c  
d i se ase  an d  8  t o  1 4  mo n th s  in  pa t i en t s  w i t h  u n re se c ta b le  l oca l l y  
a d van ce d  d is ea se  [1 ,  6 ] .  W hene ver  f e as ib le ,  su rg e r y  i s  t he  t r ea tm en t  
o f  c ho i ce  f o r  PDAC,  i nc r ea s ing  me d ian  s u r v i va l  up  t o  23  mon t hs  [ 4 ,  6 ] .  
Ho we ver ,  du e  t o  t h e  la ck  o f  s ympt oms  an d  t he  co ncea led  an a tom ic a l  
l o ca t i on  o f  t he  p an c re as ,  PDAC rema ins  f r eq uen t l y  und e te c te d  u n t i l  
me t as t a t i c  d i s eas e  i s  p re se n t  [ 7 -9 ] .  Co nseq u en t l y ,  on ly  1 0  %  o f  t he  
p a t ie n t s  a r e  d iag n os ed  w i t h  res ec ta b le  t um ors ,  a nd  e ven  in  t h i s  
f a vo r ab le  su bg roup  mo s t  pa t i en t s  w i l l  e xper i enc e  d is ea se  re cu r r ence ,  
e i t he r  a t  t he  o r ig i na l  t umor  s i t e  o r  i n  t h e  f o rm  o f  d i s t an t  me t as t as is  [ 10 ,  
1 1 ] .  
Ther ap eu t i c  in t e r ve n t io ns  f o r  r ec u r ren t  s ys tem ic  o r  p r imar y  me t as t a t i c  
d i se ase  ha ve  b een  ba se d  on  t he  nu c le os id e  a na log ue  g emc i t ab ine ,  
p a l l i a t i ve  me d ic in e  a n d  p a in  m an ag eme nt  [ 12 ,  13 ] .  5 - f l u o ru rac i l  ( 5 -FU)  
i s  a s  e f f ec t i ve  a s  g emc i t a b in e  an d  re ce n t  da t a  f r om meta -an a l yses  
s ug g es t  t ha t  a  c omb ina t i on  o f  g emc i t a b in e  an d  ca pe c i t a b in e  m a y  be  
b en e f i c ia l  [ 5 ,  1 3 -16 ] .  A ls o ,  t h e  e p id e rma l  g ro wth  f ac t o r  ( EGF)  r ece p to r  
t y r os i ne  k in ase  i n h ib i t o r  e r l o t in i b  in  com b in a t ion  w i t h  g emc i t ab in e ,  has  
r ece n t l y  be en  a dd ed  to  t h e  f i r s t  l i ne  t r ea tme n ts  [ 17 ] ,  a nd  FO LFIRINOX 
( f o l i n i c  ac id ,  f l u o r u rac i l ,  i r i no t eca n ,  o xa l i p la t i n )  h as  r ece n t l y  been  
i n t r od uc ed  f o r  pa t ie n t s  w i t h  a  g oo d  c l i n i ca l  pe r f o rma nce  a nd  r i sk  p r o f i l e  
[ 1 8 -2 0 ] .  Fu r t he rmo re ,  c omb ina t io n  r eg ime s  o f  gemc i t ab in e  w i t h  
o xa l i p l a t in  o r  pac l i t a xe l  na no par t i c l es ,  a re  no w c on s id e re d  as  s ec ond  
l i n e  t he r ap ies  [ 21 - 29 ] .  Desp i t e  t he  i nc r ea s ing  n umbe r  o f  s ys t em ic  
t r e a tme n t  o p t io ns  h o we ver ,  s u r v i va l  b en e f i t s  ha ve  r ema ine d  sm a l l  f o r  
mo s t  p a t i en t s  w i t h  PDAC.  [Re v ie we d  in  5 ,  3 0 ]  
Fo r  t h os e  pa t i en t s  t h a t  a r e  e l ig i b l e  f o r  s u rg e r y ,  a d ju van t  t r e a tme n ts  a r e  
g a in i ng  im por t an ce .  Un f a vo r ab le  p rog n os t i c  f a c to rs  i n  p a t ie n t s  w i t h  
i n t en de d  cu r a t i ve  s u rg e r y  in c lu de  t umor  sp r ea d  i n to  l ymp h  n od es  a nd  
t h e  p r es en ce  o f  n eur a l  i n vas ion  [ 4 ,  5 ,  3 1 ,  3 2 ] ,  sug g es t i ng  t ha t  
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t h e ra pe u t i c  t a rg e t ing  o f  t he se  p r oce ss es  ma y  c ons t i t u t e  a  wa y  t o  
impr o ve  su r v i va l  i n  PDAC.  
 
1.1.1 PDAC – a mult i -step genetic disease 
 
Ther e  a re  f e w a c ce p te d  r i sk  f ac to rs  f o r  PDAC,  su ch  a s  c h ro n ic  
p an c re a t i t i s ,  a d van ce d  ag e  o r  smok ing ,  an d  a  seve ra l  f am i l i a l  
p red i sp os i t i o ns  a re  a ss oc ia t ed  w i t h  an  i nc r ea se d  s usc ep t i b i l i t y  [ 5 ,  33 -
3 7 ] .  Mo lecu la r  a na l ys es  o f  r e sec t ed  p an c re a t i c  t um or  sp ec im ens  ha ve  
y i e l d ed  imp or ta n t  a d vanc es  i n  ou r  un der s ta nd ing  o f  pa nc re a t i c  
p a th og en es is  o ve r  t he  p as t  dec ade .  By  n o w,  a  w id e l y  ac ce p te d  
mu l t i s t ep  mo de l  o f  PDAC ha s  e vo l ved ,  wh i ch  p r o v ides  a  m o lec u la r  a nd  
h i s to l og ic a l  f r ame wo rk  f r om  p r ema l ig na n t  p r ecu r so r  le s ion s  t o  s ys tem ic  
me t as t a t i c  d i s ea se  [3 8 -4 0 ] .   
Pa nc re a t i c  t r a ns f o rmat i on  i s  r e f l ec ted  b y  mor ph o log i c  c ha ng es  o f  t h e  
a f f ec t ed  c e l l s  a nd  re - o rg an i za t io n  o f  t h e  m ic ro en v i ro nme nt .  T he  f i r s t  
d e te c ta b le  h is t o l og i c a l  a bn orma l i t i e s  a re  no n- in vas i ve ,  p re - neo p la s t i c  
l e s io ns  [ 35 ,  4 1 ] .  So  f a r ,  t h r ee  p r ec u rs o r  l es io ns  h a ve  be en  i d en t i f i ed :  
i n t r ad uc t a l  p ap i l l a r y  mu c ino us  n eo p la sms  ( I PMNs) ,  mu c in ous  c ys t i c  
n eo p la sms  ( MCNs)  a n d  pa nc r ea t i c  i n t r ae p i t h e l i a l  ne op las i a  ( Pan IN)  
[ 4 1 ,  42 ] .  Mo s t  f req u en t  a nd  re l e va n t  t o  PDAC a r e  Pan I Ns ,  wh ich  
c ompr is e  d i f f e re n t  s t ag es  f r om Pan IN-1  t o  Pan I N- 3  [ 2 ,  4 0 ] .  The y  a re  
c har ac t e r i ze d  b y  i n c re as ing  m orph o log ic a l  ch ang e s  a n d  g en e t i c  
a l t e ra t i ons ,  w i t h  Pa n I N-3  re f le c t ing  ma n y  p r op er t i es  o f  i n va s i ve  PDAC 
[4 1 ,  4 2 ] .  [Re v ie wed  in  43 ]   
The  m os t  p r e va len t  mo le cu la r  a l t e r a t i o n  i n  PDAC is  t he  p re se nce  o f  
o nc og en ic  Kr as G 1 2 D  i n  mor e  t h an  9 0  % o f  ca ses ,  wh ic h  ca n  a l r ea d y  be  
f oun d  i n  ea r l y  s tag e  p rema l ig n an t  Pan I N l es i ons  (Pa n IN- 1 )  and  
o cc as io na l l y  i n  c h r on ic  p an c re a t i t i s ,  a  r i sk  f ac to r  f o r  PDAC [ 35 ,  44 ,  
4 5 ] .  O nc og en ic  a c t i va t io n  o f  K ra s  i s  f o l l o wed  b y  ad d i t i on a l  a l t e r a t ions  
t h a t  a f f ec t  c e l l u la r  s e nes ce nc e  in du c t io n ,  i n  p a r t i cu l a r  b y  i n ac t i va t ion  
o f  t h e  t umor  su pp res sor  p 16 i n k 4 a  [ 4 6 -4 8 ] .  Fu r t he r  f r eq u en t  s omat i c  
mu t a t io ns  occ u r  in  t he  t umor  su ppr ess or  g e nes  p 53 ,  DPC4  an d  BRCA2 
[3 8 ,  3 9 ,  4 5 ,  48 ,  4 9 ] .  I n vas i ve  PDAC a ls o  f ea t u re s  f r eq uen t  
c h rom os oma l  lo sse s ,  g e ne  amp l i f i ca t i on s ,  a nd  t e l ome re  sh or te n ing ,  
wh i c h  l i k e l y  acc oun t  f o r  t he  co ns id e ra b le  g e nom ic  in s tab i l i t y  obs er ved  
i n  PDAC [ Re v ie wed  in  48 ] .  Sys tem at i c  s eq ue nc ing  o f  PDAC g e nom es  
h as  i d en t i f i e d  a  la rg e  n umb er  o f  l e ss  f r eq u en t ,  ad d i t i o na l  g e ne t i c  
a l t e ra t i ons ,  wh i ch  h o we ver  co u ld  be  a l lo ca t ed  t o  1 2  c o re  s ig na l ing  
p a th wa ys ,  i nc l ud ing  d e ve lo pment a l  p a th wa ys  s uch  a s  W nt /ß-ca t en in  
a nd  Hedg e hog  (Hh)  [ 3 5 ,  5 0 ] .  [Re v ie wed  i n  4 3 ]  
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Ge ne t i c a l l y  eng ine ere d  m ou se  m od e ls ,  wh i ch  re cap i t u la t e  s e vera l  
a sp ec t s  o f  t he  h uma n d is eas e  ha ve  b ee n  es ta b l i sh ed  a nd  p r o v id ed  
a dd i t i on a l  i n f o rmat i o n  r eg ard ing  t he  mo lec u la r  pa t hog en es i s  [ Re v ie wed  
i n  51 - 53 ] .  Da ta  f r om  the se  m od e ls  emp ha s i ze  t he  imp or ta nc e  o f  
o nc og en ic  ac t i va t io n  o f  K r as  a nd  ha ve  l oca l i ze d  p re cu rso r  ce l l s  t ha t  
a re  s usc ep t i b le  t o  t r a ns f o rmat io n  in  t h e  a c in a r  e p i t he l i a l  c ompa r tmen t .  
I n du c t io n  o f  mu t an t  K ras  i n  ac i na r  ce l l s  su pp or t s  t h e  ac i na r  t o  du c ta l  
c e l l  me ta p la s i a ,  wh i ch  t yp ic a l l y  p r ece de s  t h e  f o rmat i on  o f  l o w g r ade  
Pa n IN  l es io ns .  Ad d i t i o na l  g e ne t i c  ch ang e s ,  s uc h  as  l os s  o f  p 16  o r  p53 ,  
ma y  t h en  p romot e  p rog res s io n  t o  h ig h er  g rad e  Pa n INs  a nd  e ven t ua l l y  
t o  ca r c i nom a  i n  s i t u ,  i n  mo de ls  w i t h  p ren a ta l  e xp r ess ion  o f  t he  
i n i t i a t i ng  g en e t i c  l e s io ns  [ 53 ] .  A  d i f f e r en t  s i t u a t i on  u n f o ld s ,  wh en  th ese  
g en e t i c  l es i on s  a re  in du ce d  i n  t he  a du l t  mo us e  pa nc r eas ,  i n  wh ich  
t r a ns f o rmat io n  doe s  n o t  occ u r  u n le ss  an  i n f lammato r y  in su l t  ( e .g .  
e xp er ime n ta l  p anc r ea t i t i s )  i s  p ro v i d ed  [5 4 ] .  Com b in ed  w i t h  
e xp er ime n ta l  p anc r ea t i t i s  h o we ver ,  o nc og en ic  Kra s  i s  s u f f i c ie n t  t o  
p romot e  t h e  f o rmat io n  o f  Pa n INs  a nd  t h e i r  p r og ress ion  t o wa rds  PDAC 
[5 5 ,  5 6 ] .  
 
1.1.2 PDAC – Tumor microenvironment 
 
A  m os t  a bun da n t  d esmo p las t i c  s t rom a i s  on e  o f  t he  c har ac t e r i s t i c  
f ea tu r es  o f  h uman  PDAC sp ec im ens ,  a nd  i s  i nc r ea s ing l y  p e rc e i ve d  a s  a  
k e y  as pe c t  o f  PDAC p a t hog en es is  [ 57 -59 ] .  T he  d esmo p la s t i c  r ea c t i on  
l i k e l y  re f le c t s  a  su bs t an t i a l  co n t r ibu t io n  o f  i n f l ammato r y  m ech an i sms  
[5 8 ,  59 ] ,  wh i ch  i s  co ns i s ten t  w i t h  t h e  lo ng  k no wn  c l i n i c a l  o bs e r va t i on  o f  
c h ro n ic  pa nc r ea t i t i s  as  a  r i sk  f ac t o r  f o r  t h e  de ve lo pme nt  o f  PDAC [33 ] .  
The  d esm op la s t i c  s t rom a  c on s i s t s  o f  e x t r ace l l u l a r  m a t r i x  ( ECM)  
p ro te i ns ,  p an c re a t i c  s t e l l a te  c e l l s  ( Pa SCs)  o r  c an ce r  ass oc ia ted  
f i b r ob las t s  ( CAFs)  wh i c h  p r od uce  f i b r i nog e n  a nd  c o l lag en- 1  [ 3 5 ,  5 7 ] .  
The  s t r oma  a ls o  a t t r a c t s  immun e  ce l l s ,  wh ic h  sec r e t  c y tok in es ,  su ch  as  
i n t e r le uk in  8  ( I L8 )  a nd  t r a ns f o rm ing  g r o wt h  f ac to r  (TGF) - be ta ,  c r ea t ing  
a n  in f l ammato r y  env i r onm ent ,  wh ic h  in  t u rn  p rom otes  t umor  g ro wth  and  
met as t as is  [ 6 0 ,  61 ] .  No ta b l y ,  t he  d ens e  s t rom a i n  PDAC i s  co ns id e re d  
r a the r  h yp o vasc u la r ,  wh ic h  has  be en  p r op ose d  as  a n  e xp lan a t i on  f o r  
t h e  c hem ores i s ta nce  o f  PDAC [ 62 ,  63 ] .  A t  t he  sam e t im e ,  PDAC s t roma 
i s  pa r t i c u la r l y  r i ch  i n  ne r ve s ,  wh ic h  a re  us ed  b y  t umor  ce l l s  as  c on du i t s  
f o r  i n va s i ve  s p rea d ,  a  p r oce ss  re fe r re d  t o  as  pe r i ne u ra l  i n vas ion  
( p l ea se  r e f e r  t o  1 .2 . 1 ) .  I nd ee d ,  a  va r i e t y  o f  n eu r o t ro ph ic  f ac t o rs ,  e .g .  
n e r ve  g ro wth  f ac to r  ( NGF)  an d  Ar t em in  a re  f ou nd  e xp res se d  w i t h in  t he  
s t r oma  com par tme n t ,  s up por t i ng  n e r ve  h ype r t rop h y  a nd  
n eo ne urog e ne s is  [ 6 4 ] .  On  th e  o t he r  h an d ,  p an c re a t i c  ca nc er  c e l l s  a re  
a t t r ac t ed  b y  n eur on a l  s t r uc t u re s  w i t h in  t h e  pa nc r eas  a nd  m ig ra t e  a l ong  
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t h em  to  t he  ne uron a l  p l e xus ,  i n  a  p ro ce ss  ass oc ia t ed  w i t h  t he  c l i n i ca l  
s ymptom o f  neur opa t h ic  pa in  an d  w i t h  p oor  p rog n os is  [ Re v ie we d  in  65 ] .  
I d en t i f y i ng  k e y  ge ne t i c  a l t e ra t io ns  f o r  PDAC h as  le d  t o  a  be t t e r  
u nd ers t an d ing  o f  t h e  mo lec u la r  e ve n ts  oc cu r r i ng  du r ing  t um or  in i t i a t i on  
a nd  p r og res s ion .  Un f o r t u na t e l y ,  t he se  a d va nc es  a re  n o t  ye t  t r an s la te d  
i n t o  impr o ve d  t h e r ap ie s .  Ear l y  b l oo d-b o rn e  met as t as i s  a nd  ne ura l  
i n va s ion  a r e  s t i l l  ma j o r  c au se s  o f  d i s ea se  rec u r re nc e  [ 4 ]  a nd  t a rg e t ing  
t h es e  e ven ts  c ou ld  t hus  c on t r i bu t e  t o  impro ved  t r ea tm en t  o f  t he  
d i se ase .  F i r s t  t r i a l s  w i t h  a n t i - ang iog e n ic  ag e n ts  f o r  t he  t r ea tmen t  o f  
p an c re a t i c  c anc er  i n c re ase d  d is eas e  f r ee  su r v i va l ,  b u t  f a i l e d  t o  
impr o ve  o ve ra l l /mea n  s u r v i va l  [ 66 - 69 ]  [Re v ie wed  in  30 ,  7 0 ] ,  i n d i ca t ing  
t h e  ne ed  f o r  a l te rna t i ve  t a rg e t s .  A l t h oug h  c l i n i c a l  s t ud ies  ha ve  
i d en t i f i e d  ne ura l  i nva s ion  as  a  s t ro ng  i n de pe nd en t  p r og no s t i c  f ac t o r  [ 4 ,  
7 1 ] ,  t h e  k n o wledg e  a bo u t  t he  d r i v i ng  mo lec u la r  mec ha n ism s  o f  ne ura l  
i n va s ion  i s  s t i l l  l im i t e d  [ 7 1 ] .  Th us ,  n e w i n s ig h t s  i n to  t he  m o le cu la r  
me ch an ism s  o f  ne ura l  i n vas ion  co u ld  p oss ib l y  con t r i bu t e  t o  an  
impr o vement  o f  PDAC t r ea tm en t .  
 
1.2 The neurovascular l ink – axon and vessel 
guidance molecules 
 
The  s im i la r  b ra nch ing  p a t t e rn s  d i sp la yed  b y  ve sse ls  a nd  ne r ves  
t h r oug h ou t  t he  en t i r e  bo d y  has  be en  re cog n i zed  ea r l y  i n  h i s to r y  [ 7 2 ] .  
The  co nc ep t  o f  a  s t r uc t u ra l  cong ru en c y  be t we en  n e r ve s  a nd  ve ss e ls  
h as  s inc e  b ee n  c on f i rm ed  on  t he  c e l lu l a r  a nd  m o lec u la r  l e ve l  an d  has  
f i n a l l y  l e d  t o  t h e  c u r r en t  co nce p t  o f  t he  n eur o vasc u la r  l i nk  [Rev ie we d  in  
7 2 ,  7 3 ] .   
The  na v ig a t i on  a nd  m atu r a t i on  o f  de ve lop ing  n eur on a l  a nd  vasc u la r  
c i r cu i t s  i s  c oo r d in a te d  an d  t i g h t l y  c o n t ro l l e d  b y  ma n y  i n t ra -  and  
e x t ra ce l lu l a r  s ig n a ls ,  t h a t  i n f l ue nce  a  va r ie t y  o f  c e l l  t yp es  l i k e  n eurons ,  
Sch wa n n  ce l l s  a nd  g l i a  c e l l s ,  e nd o the l i a l  ce l l s ,  m ura l  ce l l s  ( p e r i c y tes  
a nd  smo o th  m usc le  ce l l s ) ,  m ac r op hag es  an d  f i b r ob las t s  [ 74 - 82 ] .  Fo r  
i n s ta nce ,  du r i ng  embr yo n ic  d e ve lopme nt  o f  t h e  mou se  r e t in a ,  ne r ve  
f i b e rs  a re  t he  f i r s t  t o  in ne r va te  t h e  re t i na  [ 75 ] .  Su bseq u en t l y ,  
e nd o th e l ia l  c e l l s  na v ig a te  a l ong  t h ese  ne wly  f o rme d  n eu ron a l  s ca f f o l ds  
i n  o rd e r  t o  g e ner a te  a  vas cu la r  ne t work  [ 7 5 ]  (F ig u re  1A) .  A t  t h e  ce l l u l a r  
l e ve l  t h e  g ro w ing  ve ss e l  co ns is t s  o f  va r i ou s  d i f f e ren t ia t ed  c e l l  t ypes .  
The  t i p  ce l l s  a t  t h e  l ea d ing  f r on t  o f  t h e  p r o t ru d ing  ve s se l  e xh ib i t  
mem bra ne  p ro t r us i o ns  t ha t  e xp lo r e  a n d  s ca n  t h e  en v i ro nme nt  f o r  
g u id an ce  cu es ,  t h e re b y  d i re c t ing  t h e  g ro w ing  ves se l  t o  i t s  f i n a l  
d es t i na t io n  [ 7 5 ]  (F ig u re  1 B) .  S t a lk  ce l l s  a re  le ss  p r o l i f e ra t i ve ,  b u i ld  t he  
l um en  an d  co nne c t  t he  na sc en t  ve sse l  t o  t h e  e x is t ing  vas cu la r  n e t work  
[ 7 5 ] .  Th is  p r oc ess  o f  ang iog en i c  s p r ou t ing  i n  t u r n  r es emb les  m an y 
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s t r uc t u ra l  f ea t u re s  o f  an  a xon  g r o wt h  c o ne  w i t h  i t s  p r o t r ud ing  ne ur i t es  
t h a t  s ca n  t he  en v i ro nme nt  f o r  g u ida nce  cu es  [ 72 ,  7 5 ,  8 3 ]  (F ig u r e  1 C) .  
 
 
F i g u r e  1 :  I n t e r d e p e n d e n t  a n d  c o o r d i n a t e d  n a v i g a t i o n  a n d  m a t u r a t i o n  o f  
d e v e l o p i n g  n e u r o n a l  a n d  v a s c u l a r  c i r c u i t s  d u r i n g  e m b r y o l o g i c  p r o c e s s e s   
( A)  D u r i n g  em b r yo n i c  d e v e l o p m e n t  o f  t h e  m o u s e  r e t i n a ,  e n d o t h e l i a l  c e l l s  
( g r e e n )  n a v i g a t e  a l o n g  p r e v i o u s l y  f o r m e d  n e u r o n a l  s c a f f o l d s  ( r e d )  c r e a t i n g  a  
n e w  v a s c u l a r  n e t w o r k  w i t h  s t r u c t u r a l  c o n g r u e n c y  t o  t h e  n e u r o n a l  
c o m p a r tm e n t  [ 7 5 ]  ( R e p r i n t e d  u n d e r  n o n c o m m e r c i a l  p u r p o s e s  a c c o r d i n g  t o  
t h e  p e r m i s s i o n  a n d  l i c e n s i n g  t e r m s  o f  T h e  R o c k e f e l l e r  U n i v e r s i t y  P r e s s ) .  ( B )  
S c h e m a t i c  r e p r e s e n t a t i o n  o f  a  g r o w i n g  v e s s e l  ( a n g i o g e n i c  s p r o u t )  w i t h  i t s  
v a r i o u s  d i f f e r e n t i a t e d  c e l l  t yp e s  [ 7 2 ,  7 5 ]  ( R e p r i n t e d  u n d e r  n o n c o m m e r c i a l  
p u r p o s e s  a c c o r d i n g  t o  t h e  p e r m i s s i o n  a n d  l i c e n s i n g  t e r m s  o f  T h e  R o c k e f e l l e r  
U n i v e r s i t y  P r e s s ) .  ( C )  T h e  a n g i o g e n i c  s p r o u t  r e s e m b l e s  m a n y  s t r u c t u r a l  
f e a t u r e s  o f  a n  a x o n  g r o w t h  c o n e  w i t h  i t s  p r o t r u d i n g  n e u r i t e s  [ 7 2 ,  7 5 ,  8 3 ]  ( D ;  
R e p r i n t e d  w i t h  p e r m i s s i o n  f r o m  [ 8 3 ] ) .  
The  s t r uc t u ra l  cong ru en c y  o f  t he  n e r vo us  an d  vas cu la r  s ys tem s  
s ug g es ts  t h a t  t h e  d e ve lo pme nt  o f  b o th  ne t wo rk s  i s  o r ch es t r a te d  b y  
s im i la r  mo lecu la r  me ch an ism s  [ 84 ] .  Mo s t  l i k e l y ,  s ome  o f  t he  s t r uc tu ra l  
f ea tu r es  a nd  m o le cu la r  m ech an i sms  th a t  ha d  a l re ad y  b ee n  es t ab l i s hed  
b y  t h e  e vo lu t io na r y  e a r l i e r  e vo l ved  ne r vou s  s ys t em  were  t ak e n  o ve r  b y  
t h e  emerg ing  vas cu la tu r e  [ 72 ] .  Hen ce ,  t i g h t l y  r eg u la t ed  i n t e ra c t ions  
b e t we en  va r i ou s  g u id an ce  cu es  h ave  b e en  s ho wn  to  con t r o l  t he  
n a v ig a t io n  o f  b o th  g ro w ing  a xo ns  a nd  ve ss e l  s p ro u t s  [Re v ie we d  i n  72 ,  
8 5 ] .  I nd eed ,  va scu la r  end o th e l ia l  g r o wt h  f ac to r  ( VEGF) ,  wh ic h  was  
i n i t i a l l y  ch a ra c te r i ze d  as  t h e  ma jo r  a ng iog en ic  f ac to r  i n vo l ve d  in  
p h ys io log ic a l  a nd  pa t ho log ic a l  ang iog e ne s is  ha s  s i nc e  be en  re cog n i zed  
a s  a  m od u la t o r  o f  t h e  ne r vo us  s ys tem  d i sp la y i ng  n eur o t rop h ic  
p rop er t ie s  [ 7 2 ,  84 ,  86 ] .  S im i la r l y ,  mem ber s  o f  t he  a xo n  g u id an ce  
f am i l y ,  s uc h  a s  S l i t /Rob o ,  Ne t r i n / DCC/ UNC,  Sema pho r i n / NRP/ P le x in  
a nd  Eph / Ephr in ,  wh i c h  co n t ro l  ne u r ona l  c e l l  m ig ra t io n  an d  a xon a l  
g ro wth ,  h a ve  no w em erg ed  as  impor ta n t  r eg u la to rs  o f  ve ss e l  g u ida nce  
a nd  m atu r a t io n  [ 72 ,  8 7 ] .   
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Ne ura l  an d  vas cu la r  s t r uc tu r es  no t  o n l y  a l i g n  w i t h  eac h  o th e r  d u r ing  
d e ve lo pment a l  p r oc ess es  an d  s har e  t h e  s ame  m o lec u la r  c ue s  b u t  a l so  
e xh ib i t  a  f un c t io na l  i n te r de pen de nc e  [8 8 ] .  Th us ,  ne r ves  an d  ves se ls  no t  
o n l y  p r o v id e  e ach  o t he r  w i t h  n u t r ie n ts ,  o xyg e n  an d  e lec t r i c  s t imu l i  [ 8 9 ,  
9 0 ]  bu t  t he y  a l so  mut ua l l y  i n te rac t  w i t h  ea ch  o th e r  v ia  e xp r ess ion  o f  
c e r t a i n  m embra ne  rec ep t o rs  a nd  s ec r e t io n  o f  va r i ous  g u ida nc e  cu es  
a nd  su r v i va l  f ac t o rs  t o  ad ap t  t o  c ha ng es  i n  na v ig a t i on  c ue s  re l ea sed  
f r om  th e  m ic ro en v i ro nme nt  [ Re v ie we d  i n  9 0 ,  9 1 ] .  The se  na v ig a t ion  cues  
c an  be  o f  r e pu l s i ve  o r  a t t r a c t i ve  na t u re  (o r  bo th  dep en d ing  o n  t h e  
c on t e x t )  [ 72 ,  9 2 ] .  Thu s ,  e nd o th e l i a l  c e l l s  m ig ra te  t o war ds  t h e i r  t a rg e t  
l o ca t i on  b y  f o l l o w ing  g ra d ien t s  o f  a t t r ac t i ve  cue s ,  wh i l e  a vo id ing  
r eg io ns  w i t h  i nc r ea se d  l oc a l  e xp res s io n  o f  r e pu ls i ve  cu es ,  a l t og e the r  
p ro v i d ing  t he  mo lec u la r  i n f ras t r uc tu re  f o r  t he  es t ab l i s hme n t  o f  a  ne w 
f unc t i on a l  ve sse l  ne t wo rk  [ 85 ,  9 1 ] .  
A  de r eg u la t io n  o f  b o th  a xo n  g u ida nce  a nd  vess e l  g u idan ce  f ac to rs  h as  
b ee n  re por t ed  t o  c on t r i bu t e  t o  e xc es s i ve  a xon  b ra nc h ing  a nd  ve sse l  
s p ro u t ing  i n  va r iou s  pa t ho log ic a l  co nd i t i ons  [ Re v ie we d  i n  89 ,  90 ] .  
Ab er ra n t  e xp r ess ion  o f  t h ese  f ac t o rs  a l so  co n t r ib u tes  t o  a n  ag g ress i ve  
p he no t yp e  o f  s o l i d  t um ors  c har ac t e r i ze d  b y  e xce ss i ve  ves se l  s p ro u t ing ,  
immat u re  ves se ls  a nd  ch emor es is ta nc e  [ 9 3 ,  9 4 ] .  Fo r  in s ta nce ,  t he  
s ema ph or in  an d  VEG F-1 65  r ec ep to r  NRP1  was  f ou nd  to  in c re ase  
m ic r o ve ss e l  de ns i t y  i n  v i vo ,  t he reb y  p r omot ing  h ep a to ce l lu la r  
c a rc i noma  ( HCC)  g r o wt h  an d  p rog res s io n  [ 95 ] .  Fu r th e rmore ,  
o ve r e xp res s io n  o f  NRP1  in  p an c re a t i c  c anc er  ce l l s  ac t i va te d  MAPK 
s ig n a l i ng  a nd  p ro v id ed  ch emor es is t anc e  ag a ins t  g em c i t ab ine  an d  5 -FU 
i n  v i t r o  [ 9 3 ] ,  wh er eas  a  f un c t io na l  b l ock i ng  pe p t i de  o f  VEGF- NRP1 
i n t e ra c t ion s  ha d  a  s yn erg is t i c  e f f ec t  on  5 -FU i nd uc ed  i nh ib i t i on  o f  l ung  
a nd  p ro s ta t e  ca nc er  c e l l  p r o l i f e ra t i on  i n  v i t r o  [ 96 ] .  
 
1.2.1 The neurovascular  l ink: a  concept  that  l ikely 
f i ts the pathobiology of PDAC 
 
Ea r l y  t umor  ce l l  d i ss em ina t i on  v i a  b l oo d  vess e ls  an d  ne r ves  i s  a  
h a l lmark  o f  PDAC,  a nd  co n t r i bu t es  t o  d is eas e  re cu r r en ce  an d  p oor  
p rog no s is  [ 4 ,  9 7 ] .  Va r i ou s  p r e -c l i n i c a l  s t ud ies  ha ve  c on f i rm ed  t he  
imp or ta nce  o f  t umo r  a ng iog e ne s is  f o r  t h e  p r og ress ion  o f  p anc rea t i c  
c an cer  an d  id en t i f i e d  s e vera l  ang ioge n ic  f ac to rs  s uc h  a s  P lG F,  Ang 2 ,  
o r  PDG F t ha t  were  o ve r e xpre sse d  in  PDAC [ 1 ,  98 - 100 ] .  Amo ng  th ese  
we r e  a ls o  m ember s  o f  t h e  a xon  g u id an ce  f am i l y .  I n  t h i s  c on t e x t ,  r e cen t  
s t ud ies  r e vea led  t ha t  r e - e xp re ss io n  o f  t he  a xon  g u id an ce  f ac t o r  Ne t r in1  
i n  t h e  pa nc r ea t i c  c an cer  ce l l  l i n e  Mia Pa Ca  i nh ib i t s  sp r ou t ing  
a ng iog en es is  i n  xen og ra f t  t umor  mo de l s ,  a nd  t ha t  t h i s  in h ib i t o r y  e f f ec t  
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d ep en ds  on  t h e  e xp res s io n  o f  i t s  r e cep t o r  UNC5B o n  t umo r  vess e ls  [ 9 4 ,  
1 01 ] .  
I n de pe nd en t  f r om l ymp ha t i c  an d  hem atog e no us  meta s ta s i s ,  n eu r a l  
i n va s ion  ha s  em erg ed  as  a  k e y  pa t ho log ic  f ea t u re  o f  PDAC and  
r ep r ese n ts  a  d is t i nc t  r ou t e  o f  t umor  ce l l  sp r ea d  [ 65 ,  97 ,  1 02 ] .  A  d en se  
n eur on a l  n e t work  a n d  t h e  a na t om ic a l  l oc a t io n  o f  t he  pa nc re as ,  
s u r ro un de d  b y  e x t ra pa nc r ea t i c  ne ura l  p le xus  in  t he  r e t rop er i t o ne a l  
s pa ce ,  p ro v i d e  a n  o p t ima l  r o u te  f o r  t umor  ce l l s  t o  d is sem in a te  a long  
t h e  ne uro na l  s t r u c tu res  [7 ,  8 ] .  Th e  c l i n i ca l  r e le va nce  o f  n eur a l  i n va s ion  
i s  me an wh i le  acc ep t ed ,  a s  i t s  occ u r re nc e  i s  ass oc ia t ed  w i t h  d i se ase  
r ecu r r en ce  a nd  poo r  c l i n i ca l  ou t come [ 4 ] .  Ho we ver ,  d esp i t e  t he  c l i n i c a l  
imp or ta nce  o f  n eur a l  i n vas ion  i n  PDAC,  t he  mo lecu la r  me ch an ism s  
u nd er l y i ng  t he  p r oc ess  o f  n eur a l  i nva s ion  a re  o n l y  no w s ta r t i ng  t o  
u n ra ve l  [ 65 ,  103 ]  [  Re v ie we d  i n  7 1 ] .   
Ev id en ce  i s  emerg ing  t h a t  neu ra l  i n va s ion  d ep en ds  o n  t he  mutu a l  
i n t e ra c t ion  o f  c an ce r  c e l l s  w i t h  n e r ves ,  w i t h  bo t h  ce l l  t yp e s  sec r e t ing  
va r io us  f ac t o rs ,  i nc l ud ing  ne uro t r op h in s ,  c y tok i ne s  an d  c h emok ine s  t o  
s t im u la te  a t t r ac t io n ,  p r o l i f e ra t i on  a nd  i n va s io n  [ 9 7 ,  1 03 ,  10 4 ]  
[ Re v ie we d  i n  7 1 ] .  
Ca nce r  c e l l s ,  ne rve s  a nd  e nd on eur i a l  mac r op hag e s  s ho w i nc r ea se d  
e xp r ess ion  le ve ls  o f  n eu r o t ro ph i c  f ac to r s  be long ing  e i t he r  t o  t h e  f am i l y  
o f  NG F  o r  g l i a l  ce l l  l i n e -d e r i ve d  ne ur o t rop h ic  f ac t o r  (GDNF)  an d  t h e i r  
c og na t e  r ec ep t o rs ,  r es pe c t i ve l y  [ 97 ,  1 05 ] .  Re cen t l y ,  t he i r  f unc t ion  f o r  
n eur a l  i n vas ion  i n  PDAC h as  be en  e s ta b l i sh ed .  I nd eed ,  n eur o t rop h ic  
f ac to r s  h a ve  be en  f ou nd  t o  en ha nce  n eur a l  i n va s ion  i n  e x  v i vo  c o -
c u l t u r es  b e t we en  p an c re a t i c  c an cer  c e l l s  a nd  ne r ves .  Mo r eo ver ,  t he  
f r eq uen c y  o f  ne ura l  i n vas ion  i n  PDAC s pec im ens  c o r r e l a te d  w i t h  t he  
g en e  e xp re ss io n  o f  neu ro t ro ph i c  f a c to r s  [ 10 3 ,  10 4 ,  1 06 ] .  Thus ,  
i n c re as ed  e xp r ess io n  o f  NGF,  an d  i t s  r ec ep t o r  T rk A  we r e  f oun d  t o  
c o r re l a te  w i t h  a  h ig h er  inc i de nc e  a nd  a  h ig her  deg r ee  o f  ne ura l  
i n va s ion  i n  p anc re a t i c  ca nc er  [ 10 6 ] ,  o ra l  sq u amou s  c e l l  c a rc i noma 
[1 07 ]  an d  cu t an eou s  ce l l  c a rc i noma [1 08 ] .  Mor eo ver ,  u p reg u la t io n  o f  
t h e  GDNF r ece p to rs  GFRα 2 an d  n eur t u r in  wer e  f ou nd  t o  i nd uce  
n eur op las t i c i t y  i n  c h ro n ic  p an c re a t i t i s  a  r i sk  f ac to r  o f  ma l ig n an t  PDAC 
[1 09 ] .  Axon  g u id anc e  f ac to rs  ha ve  a ls o  b ee n  im p l i ca t ed  i n  PDAC.  Fo r  
i n s ta nce ,  sema ph or in 3 A ( Sem a3 A)  a nd  ne uro p i l i n1  ( NRP1 )  we re  f ound  
o ve r e xp res se d  in  me t ap las t i c  du c t s ,  ma l ig n an t  c e l l s  a nd  ne r ve s  o f  
PDAC sp ec ime ns ,  a nd  i n c re ase d  m RNA e xpr ess ion  l e ve l s  o f  Sem a3 A 
a nd  NRP1 c o r re l a te d  w i t h  s ho r t e r  p a t i e n t s ’  s u r v i va l  [ 1 10 ] .  
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1.2.2 Function of  axon guidance molecules in the 
(patho-)  biology of  epithel ial  organs 
 
Ap ar t  f r om t he i r  r o le  i n  ne urog e nes i s  a nd  ang iog en es is ,  a xo n  g u ida nc e  
mo lec u les  ha ve  a ls o  b ee n  imp l i ca t ed  i n  e p i t h e l i a l  ce l l  b i o log y .  W i th  
r esp ec t  t o  can cer  i t  i s  pa r t i cu la r l y  i n t e res t i ng  t ha t  a xo n  g u ida nce  
mo lec u les  a r e  in vo l ve d  in  t h e  r eg u la t i on  o f  e p i t he l i a l  mor ph og en es is .  
Thu s ,  t h e y  wer e  f ou nd  t o  c on t r o l  t h e  d e ve lo pment  o f  va r i o us  ep i t he l ia l  
o rg ans ,  s uch  as  t he  mamm ar y  g la nd  [ 1 11 ,  1 12 ] ,  t h e  k idn e y  [ 1 13 ] ,  t he  
f o reg u t  [ 11 4 ] ,  t he  l ung  [ 11 5-1 19 ] ,  t h e  h ear t  [ 1 20 - 12 2 ] ,  t he  p l ac en ta  
[ 1 23 ] ,  an d  t h e  p anc r ea s  [1 24 ]  [ Re v iewe d  i n  125 ] .  T h e  f u nc t i on  o f  a xon  
g u id an ce  f ac to r s  i n  de ve lop ing  a nd  a d u l t  ep i t he l ia l  o rg ans  i s  n o t  
r es t r i c t ed  t o  vasc u la r i za t i on  an d  in nerva t io n  o f  t h ese  o rg a ns  [ 1 23 ,  12 6-
1 28 ] ,  bu t  a l so  e x te nd s  t o  t h e  reg u la t i on  o f  m ig ra t ion  o f  e p i t he l i a l  
( p rog en i t o r )  ce l l s  a n d  t he  co ord ina t i on  o f  du c ta l  b r an ch ing  
mor ph og en es is  an d  o rg a n  h ome os t as is  [ 11 1 ,  1 15 ,  12 4 ,  12 9-1 36 ] .   
I n de ed ,  n e t r i ns  a re  e xp r ess ed  i n  t he  f e t a l  p anc rea s  an d  wer e  f u r t he r  
s ho wn  t o  med ia t e  p an c re a t i c  e p i t h e l ia l  ce l l  m ig ra t io n  an d  
d i f f e re n t ia t io n ,  p r es uma b l y  v ia  in t e ra c t io n  w i t h  in t eg r in s  [ 13 2 ,  137 ,  
1 38 ]  [Re v ie wed  i n  1 2 4 ] .  Fu r t he rmo re ,  t h e  s ema ph or in  f am i l y  o f  a xon  
g u id an ce  mo lec u les  an d  t h e i r  cog n a te  r ec ep t o rs  wer e  f o un d  in  se vera l  
o rg ans  t o  reg u la t e  b r an ch ing  mor ph og en es is .  Fo r  i ns tan ce ,  a  s tu d y  on  
k i dn e y  d e ve lopm ent  dem ons t r a te d  t h a t  Sema ph or in 4 C  (Sema 4C)  
s t im u la te s  b r an ch ing  o f  u re te r i c  ep i t h e l ium  v i a  P le x i nB2  ( P l xnb 2)  in  
w i l d t ype  k id ne y  exp la n t s ,  bu t  no t  i n  P l xn b2 - / -  e xp lan t s  [ 1 36 ] .  Th e  
a u th o rs  f u r t h e r  s ho we d  t ha t  P le x i nB2  i n te r ac ts  w i t h  Re t ,  a  co - r ec ep to r  
o f  G DNF-GFRα,  in  em br yo n ic  k id ne ys  a nd  t ha t  P l xn b2 - / -  u r e te r i c  b uds  
f a i l  t o  re sp ond  to  G DNF,  t hu s  pos t u la t ing  t h a t  Sema 4 C-P le x in - B2  
r eg u la te s  u r e te r i c  b ran ch ing  v i a  modu la t io n  o f  t h e  GDNF-Re t  s ig na l ing  
a x i s  [ 13 6 ] .  Mor eo ve r ,  d e ve lop ing  m ice  w i t h  a  d e le t io n  o f  Neur op i l i n2  
( NRP2)  in  t h e  m ammar y-g la nd ,  d i s p l a yed  a ber r an t  b ra nc h ing  
mor ph og en es is  an d  d uc ta l  ou tg ro wth  [ 1 35 ] .  I n te r es t ing l y ,  t h e  e f f ec t s  o f  
NRP2 on  m ammary  b ra nc h ing  we re  l i nk e d  t o  VEGF  and  ac t i va t io n  o f  
f oca l  ad he s io n  k in as e  ( FAK)  an d  n o t  t o  i t s  sem aph or in  l i g a nds ,  
i n d ic a t i ng  t h a t  d u r ing  t he se  p ro ce sses  va r i ou s  s ig n a l i ng  p a t h wa ys  a r e  
i n t eg ra te d  [ 13 5 ] .  I n  ad d i t i on ,  Sem a3A  wa s  sh o wn  to  inh ib i t  b ra nc h ing  
mor ph og en es is  o f  f e t a l  mo use  l ung s  v ia  NRP1 [1 33 ] .  
Com p leme nta r y  t o  s t ud ies  t h a t  d emons t r a te  e xp res s io n  a nd  f un c t i on  o f  
a xo n  g u ida nce  mo lec u les  in  e p i t h e l i a l  o rg a ns  du r i ng  ph ys io l og i ca l  
p roc ess es ,  a ber r an t  e xp r ess ion  o f  t h es e  mo lec u les  wa s  s ug g es te d  t o  
l e ad  t o  pa t ho log ica l  c hang e s  w i t h i n  t he  a f f ec te d  o rga n  [ 13 9 ,  140 ] .  
I n de ed ,  p la sma  ne t r in 1  wa s  f oun d  t o  b e  o ve re xpre ss ed  in  p a t ie n t s  w i th  
a de nom as  o f  t he  b re as t ,  k i dn e y  an d  p ro s ta t e  [ 1 41 ] .   
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I n  t h i s  c on t e x t  numer ou s  s tu d ie s  asc r i be  t o  a xon  g u ida nc e  mo le cu les  
e i t he r  t um or  su ppr ess i ve  o r  p r omot i ve  f un c t i on s  de pe nd en t  o n  t he  
c e l lu la r  an d  mo le cu la r  c on t e x t  [ 9 5 ,  1 42- 14 5 ] .  Ev id en t l y ,  t r ea tmen t  o f  
b rea s t  can cer  c e l l s  w i t h  Sem a3 A  i nc r eas ed  i n t eg r in  l e ve l s ,  t umor  ce l l  
a dh es ion  t o  co l lag en- 1  a nd  i nh ib i t e d  t um or  ce l l  m ig ra t io n  [1 46 ] ,  
wh e re as  sema ph or in 3 E-P le x in D1  i nd uc ed  tumor  ce l l  m o t i l i t y  a nd  
me d ia t ed  EMT  in  ova r ia n  en dom et r io id  ca ncer  ce l l s  [ 1 47 ] .  Mor eo ver ,  i n  
a n  in vas i ve  c hor io a l la n to ic  m embr an e  ( CAM)  ass a y ,  Ne t r i n -1  was  
s ho wn  t o  p ro t ec t  p an c re a t i c  t umor  ce l l s  an d  en do t he l ia l  c e l l s  ag a ins t  
a po p to s is  a nd  t o  p rom ote  t umor  c e l l  i nva s ion  [1 48 ] .  
Tak en  t og e th e r ,  a xo n  g u id anc e  f ac t o rs  ha ve  b ee n  imp l i c a te d  in  
b i o log ica l  p roc es se s  a t  t he  in t e r f ace  o f  e p i t he l i a l  ce l l s ,  ne u ro ns  and  
ve ss e ls  t h a t  co u ld  be  a t  mo s t  r e l e va nce  t o  t he  pa t ho b io l og y  o f  
p an c re a t i c  c an cer .  Co ns eq ue n t l y ,  a  p e r tu r ba t io n  o f  t h i s  t i g h t l y  
c on t r o l l e d  hom eos t as is  m ig h t  co n t r ib u te  t o  PDAC s p re ad  a nd  
p rog res s io n .   
 
1.3 The axon guidance factor Sl i t  and i ts Robo 
receptors 
 
S l i t s  were  i n i t i a l l y  c ha r ac t e r i ze d  a s  se c re t ed  a xon  g u ida nc e  f ac to rs  i n  
D ro so ph i la  [ 14 9 ,  15 0 ] ,  b ind ing  t o  Rou nd ab ou t  (Rob o)  re ce p to r s  [ 1 51 ]  
[ Re v ie we d  in  15 2 ,  15 3 ] .  Th re e  S l i t  ( 1 -3 )  hom o log ue s  ha ve  be en  
i d en t i f i e d  i n  mamma l i an s  s o  f a r  (6 0  %  aa- seq u enc e  homo log y  b e t wee n  
S l i t s )  [ 15 1 ,  15 2 ,  15 4 ] .  Th e  f u l l - l eng th -p r o te in  c ons i s t s  o f  1 46 9  am ino  
a c id s  (~2 00  k Da) ,  wh i c h  a r e  a r r ang ed  i n  s e ve r a l  mo du la r  r eg ions  
( F ig u r e  2 A) .  Fo ur  le uc ine - r i c h  d oma ins  ( D1-D4 ;  L RR)  a r e  l o ca t ed  a t  t he  
N - te rm in us  [ 15 5 ] ,  f o l l o wed  b y  se ve n  t o  n i ne  ep ide rm a l  g ro wth  f ac to r  
( EGF) - l i k e  re pe a ts  [ 1 51 ,  1 56 ]  an d  a  C- te rm ina l  c ys t e in e -k no t  [ 1 57 ] .  The  
EG F  d oma in s  a re  se par a te d  b y  a n  ALPS  d oma in  ( Ag r i n ,  Lam in in ,  
Per l eca n ,  S l i t )  [ 158 -16 0 ] .  [ Re v ie wed  in  15 2 ]  
S l i t s  a re  p ro t eo l y t i c a l l y  c le a ved  w i t h in  t he  s i x t h  EG F dom a in  ( s t a r t i ng  
w i t h  a a  11 10  ( SPPMVL PRT)  [ 15 2 ,  1 62 ]  r esu l t i ng  in  a  14 0  k Da  N-
te rm ina l  S l i t  ( S l i t -N )  a nd  a  s ho r t e r  C - te rm in a l  f r agment  (S l i t - C)  o f  5 5 -
6 0  k Da  [1 62 ] .  Bo th ,  t he  N- t e rm in a l  f r ag me nt  an d  f u l l - l eng th  S l i t  we re  
r epo r ted  t o  b in d  Rob o  re ce p to rs .  Fu r th e rmor e ,  t hey  b o t h  e l i c i t e d  
r epu l s io n  o f  o l f ac to r y  bu lb  ne ur i t es  [ 1 62 ] .  I n  c on t r as t ,  N - te rm in a l  S l i t  
wa s  f ou nd  to  in du ce  g ro wth  c on e  co l la ps e  an d  b r an ch ing ,  wh ere as  f u l l -
l e ng th  S l i t  i t s e l f  h ad  n o  e f f ec t  o n  i t s  o wn ,  b u t  a n tag on i ze d  t h e  N-
te rm ina l  f r ag ment  [ 1 52 ,  16 2 ] .  W h i l e  t h e  N- t e rm in a l  f r ag ment  a nd  f u l l -
l e ng th  S l i t  we re  s ho wn  to  be  ac t i ve ,  no  sp ec i f i c  f u nc t i on  i s  ye t  
a ss oc ia t ed  w i t h  t h e  s h or t  C- te rm in a l  S l i t  f r ag ment ,  t h oug h  i t  was  sh o wn 
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t o  ass oc ia te  w i t h  h ep ara n  s u l f a te s  a t  t h e  ce l l  s u r f ace  [1 63 ]  un d  t hus  
m ig h t  se r ve  as  a  sh o r t  r a ng e  c ue  w i t h  o r ph an  f un c t ion s .   
 
 
F i g u r e  2 :  S c h e m a t i c  r e p r e s e n t a t i o n  o f  t h e  a x o n  g u i d a n c e  m o l e c u l e  S l i t 2  
a n d  i t s  r e c e p t o r s  R o b o 1  a n d  R o b o 4  
( A)  S t r u c t u r a l  d om a i n s  o f  S l i t 2 .  F u l l - l e n g t h  S l i t 2  l i g a n d  c o n s i s t s  o f  1 4 6 9 a a  
( ~ 2 0 0  k D a ) ,  c o m p r i s i n g  f o u r  l e u c i n e - r i c h  d o m a i n s  ( L R R ) ,  l o c a t e d  a t  t h e  N -
t e r m i n u s ,  f o l l o w e d  b y  n i n e  e p i d e r m a l  g r o w t h  f a c t o r  ( E G F ) - l i k e  r e p e a t s ,  w h i c h  
a r e  s e p a r a t e d  b y  a n  A L P S  d o m a i n  ( A g r i n ,  L a m i n i n ,  P e r l e c a n ,  S l i t )  a n d  a  
c ys t e i n e  k n o t  a t  t h e  C - t e r m i n u s .  F u l l - l e n g t h  S l i t 2  i s  p r o t e o l y t i c a l l y  c l e a v e d  
a t  a a 1 1 1 0 - 1 1 1 8  ( S P P M V L P R T )  c r e a t i n g  a n  a d d i t i o n a l  N - t e r m i n a l  ( ~ 1 4 0  k D a )  
a n d  a  C - t e r m i n a l  ( ~ 6 0  k D a )  f r a g m e n t .  ( B ,  C )  S t r u c t u r a l  d o m a i n s  o f  R o b o 1  
a n d  R o b o 4 .  T h e  s i n g l e  t r a n s m e m b r a n e  r e c e p t o r s  R o b o 1  a n d  R o b o 4  b e l o n g  t o  
t h e  i m m u n o g l o b u l i n  ( I g )  s u p e r f a m i l y  o f  a d h e s i o n  m o l e c u l e s .  T h e  
e x t r a c e l l u l a r  d o m a i n  c o n s i s t  o f  s e v e r a l  I g  d o m a i n s  a n d  f i b r o n e c t i n  t yp e  I I I  
r e p e a t s  ( F n 3 ) ,  w i t h  v a r y i n g  n u m b e r s  b e t w e e n  t h e  r e c e p t o r  i s o f o r m s .  T h e  
c y t o p l a s m i c  d o m a i n s  d o  n o t  p o s s e s s  i n t r i n s i c  c a t a l y t i c  a c t i v i t i e s ,  b u t  s e v e r a l  
a d a p t o r  p r o t e i n s  a r e  r e c r u i t e d  t o  c o n s e r v e d  c y t o p l a s m i c  m o t i f s  ( C C 0 - C C 3 ) ,  
w h i c h  a l s o  v a r y  b e t w e e n  R o b o  r e c e p t o r s .  ( A d a p t e d  w i t h  p e r m i s s i o n  f r o m  
[ 1 6 1 ] ) .  
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Four  Rob os  ha ve  b ee n  id en t i f i ed  i n  mamm als  s o  f a r ,  wh i ch  a re  s ing le  
p as s  t r an smembr an e  rec ep t o rs  t h a t  b e lo ng  t o  t h e  immu nog lo bu l in  ( I g )  
s up er f am i l y  o f  ad he s io n  m o lec u le s  [ 16 4 ,  1 65 ]  (F ig u r e  2B ,  C) .  L i k e  t h e i r  
S l i t  l i g an ds ,  Rob o  r ece p to r s  a re  mu l t i - d oma in  p ro t e ins  t h a t  co ns is t  o f  
a n  e x t ra -c e l lu la r  d oma in  w i t h  f i ve  I g -  an d  t h re e  f i b ron ec t i n  t yp e  I I I  
r epe a ts  ( Fn 3)  [ 165 ,  16 6 ] .  Th e  c y t op lasm ic  doma ins  d o  n o t  po ss ess  
i n t r i ns ic  c a ta l y t i c  ac t i v i t i es ,  b u t  up on  S l i t  b i nd ing  s e vera l  a dap to r  
p ro te i ns  a re  r ec r u i t e d  t o  co ns er ve d  c y to p la sm ic  mo t i f s  ( CC0- CC3)  [ 123 ,  
1 67 ] .  T hes e  a dap t o r  p ro t e i ns  compr i se  p ro t e ins  l i k e  S l i t -  Robo -
GTPa se s  a c t i va t i ng  p r o te in s  ( s rG APs)  an d  Cro ssGAP/  V i l se  [ 16 8-1 70 ]  
o r  t h e  SH2- SH3  ad ap t o r  p ro t e in  Dr ea d lo ck  ( Do ck /Nck ) ,  wh i c h  i n  t u rn  
r ec ru i t s  g u an ine  nu c le o t ide  e xc ha nge  f ac to r  (G EF)  Son  o f  se ve n les s  
( Sos )  [ 17 1 ] .  Th e y  f u r t he r  l i nk  S l i t - Ro bo  s ig n a l i ng  t o  do wn s t ream 
e f f ec t o r  pa t h wa ys  v i a  Rh o  f am i l y  o f  g ua no s ine  t r i p ho sp ha t ases  
(GTPa se s ) ,  e .g .  Rh o ,  CDC4 2  an d  Ra c1  t ha t  a re  i n vo l ve d  in  m an y 
c e l lu la r  p r oc ess es  l i k e  a xon  re pu ls io n ,  m ig ra t io n  an d  a dh es ion  [17 2 ] .  
S l i t  a l s o  i nd uc es  cy t osk e le t a l  r e a r ra ng eme nts  v i a  W ASP a nd  Ar p2 / 3  in  
e nd o th e l ia l  c e l l s  [ 1 73 ,  17 4 ] .  As  t he  a va i l ab i l i t y  o f  s uch  ad ap t o rs  a nd  
e f f ec t o rs  va r i es  be t we en  d i f f e ren t  ce l l  t ype s ,  t he  b io log i c a l  e f f ec t s  o f  
S l i t 2  h ig h l y  d ep end  on  t he  c e l l u la r  c on t e x t  [ 1 75 ,  17 6 ] .  [Re v ie wed  in  
1 61 ,  16 8 ]   
 
1.3.1 Sl i t  and i ts Robo receptors – repulsive 
guidance cues in the developing and adul t  nervous 
system 
 
F i r s t  an a l ys es  o f  t h e  b io l og ic a l  f un c t i o n  o f  S l i t s  a nd  Ro bo s  r e vea led  
t h a t  t h ese  mo lec u le s  se r ve  a s  rep u ls i ve  a xon  g u id an ce  c ue s  r eg u la t ing  
n a v ig a t io n  a nd  m id l i n e  c r oss ing  o f  comm iss ura l  a xo ns  [1 71 ,  17 7-1 80 ] .  
The  p ro ce sse s  d u r ing  m id l in e  c r oss ing  a r e  reg u la te d  b y  an  
o rch es t r a te d  i n te rp l a y  o f  d i f f us i b l e  a nd  mem bra ne- bo un d  cu es  t ha t  
e i t he r  a t t r ac t  o r  r ep u ls e  a xons  [ 16 5 ,  1 79 ] .  Ne t r in  an d  i t s  r ec ep t o r  DCC 
p la y  a n  impor t an t  r o l e  in  t h e  a t t r a c t io n  o f  c ommiss ura l  a xo ns  t o  t he  
m id l in e  [ 1 79 ]  [ Rev ie we d  i n  1 68 ] .  A f t e r  c ro ss ing  t h e  m id l in e ,  t h ese  
a xo ns  a r e  p re ve n te d  f r om re -c r os s ing  b y  t h e  sp a t ia l  a nd  t emp ora l  
e xp r ess ion  o f  S l i t  p ro te i ns  an d  t he i r  Ro bo  r ece p to r s  [1 79 ,  18 1-1 83 ] .   
A l t ho ug h  S l i t 2  h as  o r ig i na l l y  b ee n  d is co vere d  as  a  re pu l s i ve  g u id ance  
c ue ,  wh ic h  co n t ro ls  comm is su r a l  a xon  p a th f i nd ing ,  S l i t 2  ha s  s in ce  b een  
a l so  c har ac te r i ze d  a s  an  a t t r ac t i ve  g u ida nc e  f ac t o r  [ 1 84 - 18 8 ] .  Fo r  
i n s ta nce ,  t h e  N- t e rm in a l  f r ag ment  o f  S l i t 2  pu r i f i e d  f r om  b ra in  t i ss ue  
e x t ra c t s  s t imu la t ed  e lo ng a t io n  an d  b ra nc h ing  o f  sen sor y  a xon s  i n  an  i n  
v i t r o  co l l ag en  assa y  [ 1 84 ] .  As  me n t io ne d  a bo ve ,  S l i t 2  i s  c l ea ve d  in to  
t wo  m a jo r  f r ag ments ,  wh i ch  wer e  s ho wn  to  d i f f e r  i n  r ec ep t o r  b i nd ing  
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a nd / o r  b io log ic a l  e f f ec t s  f r om  th e  f u l l - l e ng th  p ro t e i n  [ 184 ] .  T her e f o re ,  
d i f f e re nc es  in  t h e  o u t c ome  o f  S l i t 2  s t imu la t ion  i n  v i v o  ma y  re f lec t  
d i f f e re nc es  in  t he  e x te n t  o f  p ro te o l y t i c  p roc es s ing  an d  d ep en d  o n  t he  
a va i l ab i l i t y  o f  p ro t ea se s .   
Fu r th e rmor e ,  t he  re sp on s i ve ne ss  t o  S l i t  g rad ien t s  m igh t  a l so  d ep end  
o n  t h e  com po s i t i on  o f  Rob o  re ce p to rs  e xp r ess ed  b y  e ac h  ce l l  t ype  
[ 1 80- 18 2 ,  18 6 ] .  The  e xp r es s ion  o f  S l i t s  a nd  Ro bos  in  t u rn ,  i s  t i g h t l y  
r eg u la te d  a t  t he  l e ve l  o f  mRNA e xpre ss io n ,  se c re t i on  a nd  t h e i r  
a va i l ab i l i t y  o n  t h e  c e l l  su r f ace  o r  e x t ra ce l l u l a r  ma t r i x  [ 1 78 ,  18 9-192 ] .  
He t e ro ph i l i c  i n t e ra c t io ns  w i t h  o th e r  g u ida nc e  m o lecu les ,  s uch  as  
Ne t r i n -DCC an d  Sem ap hor i n -P le x in ,  i n c re as e  t he  c omp le x i t y  o f  S l i t -
Ro bo  s ig n a l i ng ,  r es u l t i ng  i n  a  c on te x t - dep en de n t  b i o l og ic a l  f un c t ion  f o r  
t h es e  a xo n  g u ida nce  m o lec u le s  [ 1 79 ,  1 93- 19 6 ] .  
 
1.3.2 Sl i t  and i ts  Robo receptors – axon guidance 
factors and the neurovascular l ink 
 
The  d i sco ver y  o f  S l i t  a nd  Rob o  a xon  g u id anc e  f ac t o rs  o n  b l oo d ,  a nd  
p os s ib l y  a l s o  l ymph  ves se ls ,  imp l ie s  t h a t  t he se  a xo n  g u id an ce  f ac to rs  
h a ve  r e ta i ne d  a  con ser ve d  f un c t i on  in  t he  va sc u la r  s ys tem  [1 97- 199 ] .  
I n de ed ,  a  d a ta  m in i ng  ap pro ac h  i de n t i f i e d  an  e nd o th e l i a l - s pe c i f i c  g e ne  
w i t h  homo log y  t o  Ro bo 1 ,  wh ic h  was  t e rmed  Rob o4  [ 198 ,  2 00 ] .  Ro bo 4  
s ho ws  th e  mo s t  s t r uc tu r a l  d i ve rg e nce  f r om  th e  o t he r  Ro bo  rec ep t o rs  
[ 1 98 ]  ( F ig u re  2C) .  I t  l a ck s  m os t  o f  t he  e x t r ac e l l u la r  doma ins  w i t h  o n l y  
t h r ee  I g s  an d  t wo  Fn  m ot i f s  a nd  m iss es  t wo  o f  t h e  c y to p lasm ic  
c on ser ved  d oma ins  [ 1 98 ] .  Rob o4  e xp re ss io n  wa s  f ou nd  t o  be  
p red om in an t  i n  s ta l k  c e l l s  o f  r e t i na l  b l oo d  ves se ls  [ 2 01 ] ,  a nd  i t  was  
f u r t he r  p os t u l a te d  t ha t  S l i t - Ro bo 4  s ig na l i ng  m ig h t  an tag o n i ze  No tc h-
D l l 4  in duc ed  t i p  ce l l  f o rma t i on ,  t h e reb y  su pp or t ing  t h e  mat u ra t i on  a nd  
ma in te na nce  o f  vasc u la r  s t ruc t u re s  [Re v ie we d  in  20 2 ] .   
Ev id en ce  f o r  a  f unc t i on  o f  Rob o4  i n  t h e  r eg u la t io n  o f  ang iog e ne s i s  i n  
v i vo  came  f rom  g e ne  k nock d o wn  an d  o ve re xp re ss io n  a p pro ac hes  in  
ze b r a f i sh  [ 20 3 ] .  The se  f un c t i on a l  a na l yse s  re ve a le d  t h a t  Ro bo4  
r eg u la te s  a  co o rd in a te d  s p ro u t i ng  o f  i n t e r som i t i c  ves se l s  ( I VS)  and  
p re ven t s  e xce ss i ve  I VS  sp r ou t ing  d u r i ng  zebr a f i sh  deve lo pme nt  [ 203 ] .  
Exc ess i ve  vess e l  b ran ch ing  a nd  sp ro u t ing  i s  o f t en  as soc ia te d  w i t h  
immat u re ,  m a l f unc t i on ing  ve sse l s ,  a s  o bser ve d  du r ing  pa t ho log ic  
VEG F-d r i ven  t um or  va sc u la r i za t io n  [ 75 ,  20 4-2 07 ] .  I n t e re s t ing l y ,  S l i t 2 -
d ep en de n t  ac t i va t io n  o f  Robo 4  r ed uc ed  VEGF- ind uc ed  m ig ra t i on  and  
va sc u la r  pe rm ea b i l i t y  i n  v i t r o ,  wh i le  de le t io n  o f  Rob o4  i nc r eas ed  
a ng iog en es is  a nd  va sc u la r  l e ak  in  mo us e  m od e l s  o f  r e t i na l  vasc u la r  
d i se ase ,  p ro v i d ing  f u r t h e r  e v i de nce  f o r  a  f unc t i on a l  r o l e  o f  Ro bo 4  in  
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a ng iog en es is  [ 20 1 ,  2 08 ] .  Th ese  s t ud ie s  d e l i ne a te d  a n  an t i - ang iog e n ic  
f unc t i on  f o r  S l i t 2 -Ro bo 4  s ig n a l ing ,  b y  r es t r i c t i ng  e xce ss i ve  ve sse l  
s p ro u t ing  an d  s t ab i l i z i ng  t he  vasc u la tu re  i n  pa t ho log ic a l  co nd i t i ons  a nd  
i n  r esp on se  t o  p ro -a ng iog en ic  f ac to r s  s uc h  as  VEGF.  Fu r th e rmor e ,  S l i t -
Ro bo  an t i - ang ioge n ic  f un c t i on  a lso  com pr is es  t he  i n h ib i t i on  o f  
e nd o th e l ia l  ce l l  m ig ra t io n  i n  v i t r o  as  r ep or te d  b y  va r iou s  in de pe nd en t  
s t ud ies  [ 1 97 ,  20 1 ,  2 09 ] .   
 
I n  a pp are n t  c on t ra d ic t i on  t o  t h e  obs er ved  an t i - ang iog e n ic  e f f ec t s  o f  
S l i t 2 - Ro bo ,  s t imu la t i on  o f  e nd o th e l i a l  a nd  l ymp h-e nd o th e l ia l  ce l l  
m ig ra t io n  b y  S l i t 2 ,  a s  we l l  a s  t ub e  f o rmat i on  i n  v i t r o  were  a l so  re por ted  
[ 1 73 ,  175 ,  21 0 ,  2 11 ] ,  s ug g es t i ng  a  mor e  com p le x ,  co n te x t -  an d  
d i se ase -sp ec i f i c  s i t u a t io n  f o r  S l i t 2 -Rob o  s ig n a l ing  in  ang iog e ne s is .  The  
c on t e x t - de pe nd en t  u t i l i za t io n  o f  S l i t 2 -Ro bo  s ig na l ing  and  t h e  d i f f e ren t  
b i o log ica l  ou t com e i n  a ng iog en es is  a re  r em in isc en t  o f  t he  m u l t i p les  
r o l e  o f  S l i t 2 - Ro bo  d u r ing  n eur og en es is  ( p le ase  r e f e r  t o  1 .3 . 1 ) .  
 
1.3.3 Sl i t  and i ts  Robo receptors – regulators of 
ductal  epithel ial  morphogenesis 
 
Exp r es s ion  pa t t e rns  o f  t he  S l i t -Rob o  a xo n  g u ida nc e  memb ers  sug g es t  
t h a t  S l i t -Rob o  a c t i v i t y  i s  no t  r es t r i c t ed  t o  t he  de ve lop ing  b r a in  bu t  a l so  
f unc t i ons  i n  de ve lopm ent a l  p r oc ess es  o u t s i de  t he  ne r vou s  s ys tem  [ 11 8 ,  
2 12- 21 7 ] .  I n de ed ,  S l i t 2  c on f in es  s t e re o t yp ic  a nd  po la r i ze d  b ra nch ing  
mor ph og en es is  o f  s e ve ra l  ep i t h e l i a l  o rg ans  du r ing  em br yon ic  
d e ve lo pment  [ 2 18 ] ,  suc h  as  t he  m ammar y  g l an d ,  t h e  k i dn e y  an d  t he  
l u ng s .  Fo r  in s ta nce ,  du r ing  mur in e  mamm ar y  g la nd  deve lo pment ,  S l i t 2  
a nd  Ro bo 1  a r e  e xp r ess ed  i n  d uc t  ep i t he l ia l  ce l l s  a n d  r eg u la te  
b ran ch ing  duc t  mo rph og en es is  [ 11 1 ,  2 18 ] .  Mo re  sp ec i f i c a l l y ,  S l i t 2  
n eg a t i ve l y  r eg u la te s  t he  p ro l i f e ra t ion  o f  ba sa l  ce l l s  i n  t h e  mamm ar y  
d uc t ,  r es t r i c t i ng  e p i t h e l i a l  b r an ch ing  [ 11 1 ]  [Re v ie we d  in  112 ] .  
Co n ve rse l y ,  l os s  o f  S l i t 2 - Ro bo 1  f unc t io n  r esu l t ed  i n  d i s r up t ed  d uc ta l  
s t r uc t u res  an d  a bno rma l  e nd  bu d  f o rmat i on  [ 11 1 ] .  
S l i t 2  an d  Rob o2  e xp r ess ion  a nd  f un c t io n  wer e  a ls o  d e te c te d  i n  t he  
d e ve lo p ing  k i dn e y ,  wher e  t he y  g u id e  t h e  co r r ec t  f o rmat i on  o f  t h e  
d e ve lo p ing  u re t e r i c  bu d ,  p re suma b ly  b y  re s t r i c t i ng  G DNF s ig na l ing  
[ 1 13 ,  21 9 ]  [ Re v iewe d  i n  1 25 ] .  Fu r th e rmor e ,  m i ce  w i t h  a  t a rg e ted  
d e le t i on  o f  t h e  Ro bo 1  g en e  f r equ en t l y  d ie  a t  b i r t h  be ca use  o f  
r esp i r a to r y  c omp l i c a t io ns  [ 1 15 ] .  Su r v i v i ng  m ic e  e xh ib i t ed  b r on ch ia l  
e p i t h e l ia l  a bn orma l i t i e s  an d  h yp erp las i a  [ 11 5 ] .  
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The se  da t a  n o t  o n l y  p ro v i de  e v i de nce  f o r  a  p h ys io log ic a l  e xp r ess ion  
a nd  f u nc t i on  o f  S l i t s  an d  Rob os  i n  d e ve lop ing  o rg ans  o u t s id e  t he  
n e r vou s  s ys t em  b u t  a l s o  d emo ns t ra t e  t h a t  a  d e reg u la ted  e xp res s ion  o f  
t h es e  a xo n  g u ida nc e  m o lec u les  i s  as soc ia te d  w i t h  s t ru c tu r a l  c hang es  
a nd  a ber r an t  b r an ch ing  morp hog en es i s  w i t h in  a f f ec t ed  e p i t he l i a l  
o rg ans .  
 
1.3.4 Sl i t  and i ts  Robo receptors – suppressors of 
tumor cel l  migration and metastasis 
 
As  ou t l i n ed  ab o ve ,  S l i t 2 - Ro bo  r eg u la te  a  num ber  o f  s ig na l i ng  pa t h wa ys  
t h a t  c on t r o l  t h e  co r rec t  l oc a l i za t i on  a n d  f unc t io n  o f  e p i t h e l ia l  c e l l s  
w i t h in  t h e i r  m i c roe n v i r onm ent  a nd  o rg an-c on t e x t .  I n  l i ne  w i t h  t he  
d e reg u la t io n  o f  t he se  pa t h wa ys  i n  ca nc er ,  a l t e r ed  S l i t 2 -Rob o  f unc t ion  
h as  be en  imp l i c a ted  i n  a  num ber  o f  hum an m a l ig n an c ies .  
Fo r  in s ta nce ,  S l i t 2 -Rob o  s ig na l i ng  h as  be en  l i nke d  t o  ep i t he l ia l - t o -
me se nch yma l  t r a ns i t i on  ( EMT)  in  mamm ar y  e p i t h e l ia l  ce l l s  a nd  
m ig ra t io n  an d  in vas ion  o f  ca nc er  ce l l s  i n  ce r t a in  ca ncer  e n t i t i es  [ 11 1 ,  
2 20 ,  2 21 ] .  I t  wa s  t h us  sh o wn  t ha t  s t imu la t io n  o f  l ung  and  b r ea s t  c an cer  
c e l l s  w i t h  pu r i f i ed  o r  e c to p ica l l y  e xp res se d  S l i t 2  in h ib i t ed  t umor  ce l l  
m ig ra t io n  an d  co ns eq ue n t l y  in c rea se d  in t e r ce l l u la r  c on t ac t s  v i a  
mo du la t ion  o f  β - ca te n in  a nd  s ta b i l i za t io n  o f  E-c ad her in  [ 22 1 ] .  Lo w S l i t 2  
e xp r ess ion  le ve ls  i n  lu ng  c an cer  p a t i e n t s  were  p rog n os t i c  f o r  ea r l i e r  
d i se ase  re cu r r en ce  [2 21 ] .  Mo re o ver ,  S l i t 2 - Ro bo  s ig na l i ng  in t eg ra tes  
t h e  re sp on se  t o  va r io us  m i tog e n ic  a t t r ac ta n t s  imp or ta n t  f o r  t umor  ce l l  
m ig ra t io n  an d  c hemot a x is  [ 22 2 ] .  Fo r  i n s ta nce ,  S l i t 2 - Ro bo 1  s ig na l ing  
a t t en ua t ed  h ep a to c y t e  g ro wth  f a c to r  ( HGF) - in duc ed  e p i t h e l i a l  
b ran ch ing  in  mammar y  o rg an o id  c u l t u r es  [ 11 1 ] ,  wh erea s  s i l e nc ing  o f  
S l i t 2 ,  o r  f un c t i ona l  i n ac t i va t io n  o f  S l i t 2  s ig n a l i ng ,  p romot ed  HGF-
me d ia t ed  m ig ra t ion  a nd  in va s ion  o f  b re as t  c an cer  c e l l s  v i a  up r eg u la t io n  
o f  CDC42  a nd  d ec r eas e  o f  RAC1  a c t i v i t y  [ 2 22 ] .  S im i l a r l y ,  l o ss  o f  S l i t -
Ro bo  s ig na l ing  i n  t h e  m ammar y  e p i t h e l ia l  g la nd  i nd uce d  up r eg u la t io n  
o f  SDF1- CXCR4,  co nc omi t an t  w i t h  h yp erp las t i c  ch ang e s  i n  t he  
e p i t h e l ium  a nd  de smo p la s t i c  t r a ns f o rmat i on  o f  t h e  su r ro un d ing  s t r oma 
[2 23 ] .  Con seq u en t l y ,  o ve r e xp r es s ion  o f  S l i t 2  in  b r ea s t  ca nc er  ce l l  l i n es  
r esu l t ed  in  r ed uce d  e xp r ess ion  o f  CX CR4  an d  i nh ib i t i on  o f  t umor  
g ro wth  [ 2 23 ] .  Henc e ,  r es t o ra t i on  o f  S l i t 2 -Rob o  w i t h i n  t h e  m ammar y  
e p i t h e l ium o r  t umo r  c omp ar tme n t  pe r tu rb ed  au to c r in e  SDF1- CXCR4 
s ig n a l i ng  [ 223 ] ,  sug g es t i ng  t h a t  l os s  o f  au t o - / p a ra c r i n e  S l i t 2 - Robo  
s ig n a l i ng  m ig h t  b e  be ne f i c i a l  f o r  t umor  p rog re ss io n .  Mo re o ver ,  
e xp r ess ion  an d  se c re t i on  o f  S l i t 2  b y  s t r oma l  f i b r ob la s t s ,  l i k e w i se ,  
r edu ce d  t umor  p rog re ss ion  b y  i n te r f e r i ng  w i t h  P I 3 K/ AKT /ß- ca t en in  
s ig n a l i ng  [ 22 4 ] .  I n  t h i s  ca se  S l i t 2  se c re t ed  f r om  s t roma l  f i b ro b las t s  
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b i nd s  t o  Rob o1  and  t he r eb y  p re ve n ts  ß - ca t en in - i nd uc ed  t r a nsc r i p t io n  o f  
t h e  imp or ta n t  c e l l - c yc le  p r o te in s  c -myc  a nd  c yc l i n  D1  [2 24 ] .  I n  b re as t  
c an cer  s pe c imens ,  h ig h  Ro bo 1  e xp res s io n  i n  b r eas t  can cer  ce l l s  was  
c o r re l a te d  w i t h  i nc r eas ed  s u r v i va l  a nd  l o w S l i t 2  e xp r ess ion  i n  s t rom a l  
f i b r ob las t s  co r r e la te d  w i t h  e nh an ce d  l ym ph  no de  met as t as i s  [ 22 4 ] .   
 
The se  o bs er va t i ons  a r e  r ep r es en t a t i ve  f o r  nume rou s  s tu d ies  t ha t  
p ro v i de  e v i de nc e  f o r  an  a n t i -me ta s ta t i c  a nd  t um or -s up pre ss i ve  f un c t ion  
o f  S l i t 2  ( p l ea se  re f e r  t o  ch ap te r  1 .3 . 5 ) .  Ne ver t he less ,  o th e r  r ep or t s  
s ug g es t  t h a t  S l i t 2  a c t s  as  a  p romot e r  o f  t um or  p rog re ss ion  and  
met as t as is .  I n  t h i s  r e sp ec t ,  o ve r e xp re ss ion  o f  S l i t 2  in  p an c re a t i c  i s le t  
t um ors  o f  a  R ip1 -Tag 2  t umor  mo de l  i n c re as ed  l ym ph a t i c  m e tas t as is  
[ 2 11 ] .  
 
1.3.5 Sl i t  and i ts Robo receptors -  potential  
prognostic factors,  frequently lost  or  
epigenetical ly inactivated in human cancer 
 
Exp er ime n ta l  d a ta  s ug g es t  t ha t  S l i t - Ro bo  s ig n a ls  c an  mo d i f y  c an cer  
g ro wth .  I n  l i ne  w i t h  t h i s  ob ser va t io n ,  mu t a t io ns  an d  a l t e red  e xp re ss ion  
o f  S l i t 2 -Rob o  ha ve  b e en  f o un d  in  h uma n  ca ncer  e n t i t i es  [Re v ie wed  in  
1 61 ] .  I n t eg ra te d  an a l yses  f r om sma l l  ce l l  l u ng  ca nc er  (SCL C)  e xom es ,  
g en ome s  a nd  t r ans c r ip t omes  r e vea led  f r eq u en t  m u ta t ion s  o f  S l i t 2  a nd  
l i s t ed  S l i t 2  as  a  l i k e l y  d r i ve r  g en e  [2 25 ] .  S im i la r l y ,  m u ta t i on s  o f  S l i t 2  
a nd  Rob o  re ce p to rs  ha ve  be en  i den t i f i ed  i n  p an c re a t i c  ca ncer  [ 45 ] .  
Mo r eo ver ,  l oss  o f  he t e ro zyg os i t y  ( LOH) ,  a t  c h romo som e  4 ,  t he  
c h rom os oma l  l oc a t io n  o f  t he  S l i t 2  g en e ,  has  bee n  re por ted  f o r  
me so t he l iom a,  SCL C an d  NSCL C,  a s  we l l  a s  lu ng ,  b r eas t  and  
c o lo r ec ta l  ca nc er  [ 2 26 - 22 8 ] .  De le t i ons  i n  c h rom os ome  4 ,  t og e th e r  w i t h  
t h e  h ig h  in c id enc e  o f  p rom ote r  h ypermet h y la t i on ,  sug ge s t  S l i t 2  as  a  
t um or  s up pre ssor  in  u te r i ne  ce r v i ca l  c a rc i noma  ( CA- CX)  a nd  co lo re c ta l  
c an cer  [ 22 9 ,  23 0 ] .  O th e r  s t ud ie s  a ls o  r epo r t  an  ep ig e ne t i c  i nac t i va t ion ,  
e i t he r  o f  S l i t  l i g a nd s  a nd / o r  i t s  Ro bo  r ec ep t o rs  [ 2 31 ] .  I n dee d ,  
i n ac t i va t io n  o f  t h e  S l i t 2  g e ne  wa s  r epo r ted  f o r  hum an  co lo r ec t a l  c anc er  
a nd  ca nc er  c e l l  l i ne s  ma in l y  t h r oug h  p romot e r  h yp ermeth y la t i on  [ 228 ] .  
S im i l a r  r e su l t s  we r e  o b ta i ned  f o r  S l i t 2  i n  g l i oma s  [2 32 ]  a nd  b reas t  
c an cer  [ 2 27 ] .  A  comp ar is on  o f  t he  met h y la t i on  s t a tus  i n  h uma n  b lood  
s amp les  f r om va r i ou s  ca nc er  en t i t i es ,  d e tec t ed  t he  h ig he s t  m e th y la t ion  
f r eq uen c y  in  ad u l t  c h ro n ic  l ym ph oc y t i c  l euk em ia  ( 80  %)  [ 2 33 ] ,  an d  S l i t 2  
wa s  f o un d  t o  be  ( pa r t l y )  me t h y la t ed  in  t he  co r r es po nd ing  l euk em ia  ce l l  
l i n es  [ 23 3 ] .  S l i t  wa s  a l so  sh o wn  to  b e  do wn - reg u la te d  i n  83  %  o f  
p r im ar y  hum an  h ep a to ce l lu l a r  ca rc i nom a  ( HCC) ,  wh i c h  c o r r e la t ed  w i t h  
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CpG  is la nd  h yp ermet h y la t i on  [ 23 4 ] .  Ac co r d ing l y ,  75  %  o f  t h e  HCC c e l l  
l i n es  e xh ib i t e d  re du ce d  S l i t 2  le ve ls ,  wh i c h  wer e  re l a te d  t o  t h e  d eg ree  
o f  p rom ote r  me t h y la t i on .  A  g en ome- w id e  loc a t io n  an a l ys i s  in  p ro s ta te  
c an cer  ce l l  l i nes  i d en t i f i ed  S l i t 2  as  a  t a rg e t  o f  t he  po l yc omb  g roup  
( PcG)  p ro t e in  EZH2.  Po l yc omb  p ro te i ns  b in d  as  comp le xes  t o  t he  
p romot e r  r eg io n  o f  t a rg e t  g en es  a nd  t h e re b y  su ppr es s  t h e  e xp res s ion  
o f  t he se  g e nes  [ 23 1 ] .  P romot e r  h ype rmeth y la t io n  o f  p1 6 I N K 4 A ,  p14 A R F ,  
Cyc l i nD2  a nd  S l i t 2  wa s  de t ec t ed  in  t he  se r um an d  t umor  DNA o f  b r ea s t  
c an cer  pa t i en t s  w i t h  S l i t 2  b ear i ng  t h e  h ig hes t  f r eq u en c y  o f  me t h y la t i on  
[ 2 35 ] .   
W hi l e  m an y  s tud ies  r epo r ted  t ha t  S l i t 2  i s  l o s t  o r  o th e r w is e  f un c t io na l l y  
i n ac t i va te d  in  mo s t  c an cers ,  t he r e  a re  a ls o  s tu d ies  t ha t  r e por t  an  up -
r eg u la t io n  o f  S l i t 2  a nd  Ro bo  r ece p to rs .  Fo r  ins t an ce ,  Rob o1  an d  Robo 4  
m RNA e xpres s io n  wa s  f ou nd  u p- reg u la te d  in  a  l a rg e  sc a le  g ene  
e xp r ess ion  s tu d y  o n  c o lo r ec ta l  ca nce r  [ 23 6 ] .  Fu r th e rmo re ,  i n c re ased  
l e ve ls  o f  S l i t 2  ha ve  b e en  ob ser ve d  in  a  s ubg ro up  o f  h o rmo ne  re f rac to r y  
p ros t a te  ca ncer  [ 237 ] .  
De sp i t e  t h ese  e xce p t io ns ,  S l i t 2 - Ro bo  d o wnreg u la t io n  a nd  e p ig en e t i c  
i n ac t i va t io n  h a ve  f r eq uen t l y  b ee n  l i nke d  t o  re du ce d  s u r v i va l  i n  va r io us  
c an cers ,  i nc lu d ing  p ros t a te ,  b re as t  a nd  l ung  ca nc er  [ 2 31 ] ,  u nd ers co r ing  
t h e  p o te n t ia l  t um or  s up pre ssor  f un c t ion .   
 
1.3.6 Sl i t  and i ts  Robo receptors -  implications in 
neural  invasion of PDAC? 
 
S l i t - Rob o  s ig na l i ng  h as  b ee n  imp l i ca t ed  i n  d e ve lo pme nt ,  p h ys io log y  
a nd  pa t ho log ie s  o f  a  n umb er  o f  ep i t he l i a l  o rg an s .  Ne ver th e le ss ,  t he re  
a re  n o  c ompr eh en s i ve  s tu d ies  t h a t  spe c i f y  a  p h ys io l og i ca l  f unc t ion  f o r  
S l i t 2 - Ro bo  i n  t he  a du l t  p an c re as .  Ho we ve r ,  s e ve ra l  l i n es  o f  e v i de nce  
s t r ong l y  sug g es t  t h a t  t he  S l i t 2 - Ro bo  s ys tem  h as  re t a in ed  a  f unc t i on  in  
t h e  a du l t  pa nc re as :   
F i r s t ,  t h e  ad u l t  p an c re as  i s  d en se l y  i n ne r va t ed  [ 23 8 ] .  S l i t 2 - Ro bo  ha ve  
b ee n  s ho wn  t o  reg u la t e  t h e  sp a t ia l  a nd  t ime l y  rec r u i tme n t  o f  t h ose  
n eur a l  c re s t  c e l l s  f r om t he  d o rs a l  t ub e ,  wh i ch  g i ve  r i s e  t o  t he  
i n ne r va t i on  o f  t h e  d e ve lop ing  p an c re as  [2 20 ,  239 ] .  Me ch an is t i ca l l y ,  
e xp r ess ion  o f  bo t h ,  S l i t  a nd  Rob o  r ec ep t o rs  k e ep  p re -m ig ra to r y  n eur a l  
c r es t  c e l l s  i n  a  l ow- mot i l e  s t a te  [ 220 ,  23 9 ] .  I n  t u r n ,  m ig ra t ing  ne ura l  
c r es t  ce l l s ,  o n l y  e xp res s  Ro bo  rec ep to rs ,  bu t  a re  re pe l le d  f r om  reg io ns  
w i t h  h ig h  S l i t  e xp re ss ion ,  t hu s  g u id i ng  t h es e  c e l l s  t o ward s  t he i r  co r rec t  
t a rg e t  i n  t h e  d e ve lo p ing  p an c re as  [2 20 ,  23 9 ] .   
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Sec on d ,  in  g o od  ag reem ent  o f  s uch  a  co o rd ina t ed  g u ida nc e  f unc t io n  in  
o rg an  in ner va t i on ,  a u to c r in e  a nd / o r  j u x ta c r ine  S l i t 2 - Rob o1 / 2  s ig n a l ing  
h as  be en  f o un d  t o  s t im u la t e  mo t o r  a xo n  f asc ic u la t io n  d u r i ng  m usc le  
i n ne r va t i on  [ 24 0 ] .  I t  i s  t hu s  c onc e i vab le  t ha t  S l i t 2 - Rob o  h a ve  p r es e r ved  
a  r eg u la to r y  f unc t io n  on  c hem ok in e -me d ia t ed  g u ida nc e  o f  pa nc r ea t i c  
n e r ve - f asc ic l es  in  t h e  a du l t  pa nc r eas .   
 
Th i rd ,  S l i t  an d  Rob o  e xp r es s ion  i s  n o t  r es t r i c t ed  t o  t h e  de ve lo p ing  
n e r vou s  s ys t em,  bu t  h as  re ce n t l y  be en  imp l i c a te d  i n  t he  n eur op la s t i c i t y  
o f  t h e  a du l t  ne r vo us  s ys tem.  I t  wa s  s ho wn  th a t  t he  m ig ra t i on  o f  
immat u re  neu ron s  f r om t he  su b ve n t r i c u la r  zon e  ( SVZ)  t o  t he  o l f ac to ry  
b u lb  (OB)  w i t h in  t h e  a du l t  b ra i n  i s  co n t ro l l ed  b y  s ec r e te d  S l i t 1  [ 2 41 ] .  
The  s ec r e t io n  o f  S l i t 1  b y  imm atu re  n eur ons ,  i n  t u r n ,  i nd uces  
mor ph o log ica l  ch ang e s  in  as t r oc y t es ,  wh ic h  e xp r es s  Ro bo  rec ep t o rs ,  
l e ad ing  t o  t h e  f o rmat i on  o f  a s t rocy t i c  t un ne ls ,  “ g l i a l  t ub es ” ,  t ha t  
c on s t i t u te  i d ea l  pa th wa ys  f o r  r ap id  ne uro na l  m ig ra t i on  w i t h in  t h e  a du l t  
b ra in  [ 2 41 ] .  Thu s ,  S l i t - Ro bo  s ig na l ing  n o t  on l y  in t e r f e res  w i t h  ce l l  
mo t i l i t y  d i r e c t l y  i n  t h e  m ig ra t ing  c e l l ,  b u t  i s  a l s o  a b le  t o  r eo rg an i ze  t he  
m ic r oe n v i ro nme nt  t o  p r o v id e  t he  i n f ras t r uc t u re  es se n t i a l  f o r  ce l l  
m ig ra t io n  w i t h i n  t he  ad u l t  b r a in .  
I t  i s  t h us  c on ce i va b le  t ha t  S l i t 2 -Rob o  h a ve  p re se r ved  a  reg u la t o r y  
f unc t i on  on  t he  mut ua l  i n te r p la y  a nd  i n te r de pe nd en ce  b e t we en  t umor  
c e l l s  a nd  n e r ves  in  t he  a du l t  pa nc rea s .  Con seq u en t l y ,  mo d i f i ca t i on  o f  
S l i t 2 - Ro bo  s ig n a l ing  in  PDAC m ig h t  i n  t u rn  le ad  t o  ab er r an t  a xo na l  
g ro wth  a nd  m ig h t  t h e re f o re  co n t r ibu t e  t o  n eur on a l  h yp er t ro ph y  in  
c h ro n ic  p an c re a t i t i s  o r  f ac i l i t a t e  ne ura l  i n vas io n  in  PDAC.  
S im i l a r  t o  S l i t 2 - Rob o ,  a  r ec en t  s t ud y  i d en t i f i e d  GDNF as  an  imp or tan t  
g u id an ce  cu e  f o r  ne ura l  c re s t  c e l l s  du r i ng  p anc r ea s  in ne r va t i on  [ 238 ] .  
I n  m ic e ,  t he  co nd i t i o na l  k nock o u t  o f  G DNF i n  t he  p anc re a t i c  e p i t he l i um 
(G DNF - / - )  wa s  as so c ia t ed  w i t h  re du ce d  i n f i l t r a t io n  o f  ne uro ns  a nd  g l ia l  
c e l l s  a nd  impa i r ed  p a ra s ymp ath e t i c  i n ne r va t i on  o f  t h e  p an c re as  [ 2 38 ] .  
O f  in t e re s t ,  e xp er ime n ta l  m od e ls  ha ve  s ug g es ted  a  f unc t i on a l  r o l e  f o r  
G DNF  in  n eur a l  i n va s io n  o f  p an c re a t i c  c an cer  c e l l s  [ 1 04 ] ,  a nd  a  c l i n i ca l  
a ss oc ia t i on  b e t wee n  e le va te d  G DNF-RET  p r o te i n  e xp res s io n  and  
i n t r ap an c re a t i c  neu ra l  i n va s io n  [ 2 42 ] .  I n  ana log y  t o  G DNF-RET ,  o ne  
c ou ld  sp ec u la t e  t ha t  S l i t 2 - Robo  s ig na l i ng  m ig h t  h en ce  b e  in vo l ved  in  
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1.4 Work hypothesis:  Sl i t -Robo and PDAC 
 
In va s ion ,  m e ta s ta s i s  an d  in  p a r t i cu la r  n eur a l  i n vas ion ,  l im i t  c u ra t i ve  
t r e a tme n t  o p t ion s  i n  PDAC.  Axo n  g u id an ce  f ac to rs  r eg u la t e  t he  
d i r ec t ed  m ot i l i t y  o f  e p i t h e l i a l  ce l l s ,  en do t he l i a l  c e l l s  a nd  n eur on s  
d u r ing  ep i t h e l ia l  mor ph og en es is ,  ang iog e ne s i s  an d  n e urog e ne s is .  
Ch ang es  i n  t h e  e xp r ess ion  o f  a xon  g u id an ce  f a c to rs  a nd  t h e i r  r ec ep t o rs  
o cc u r  i n  s e ve ra l  t yp es  o f  ca nc ers  and  ha ve  be en  l i nk ed  t o  me t as ta s is  
a nd  p a t ie n t  s u r v i va l .  Hen ce ,  we  d e c id ed  t o  s tu d y  t h e  e xp r ess ion  a nd  
f unc t i on  o f  S l i t 2  f o r  g ro wt h ,  i n vas ion ,  m e ta s tas i s ,  ang iog en es is  an d  
n eur a l  i n vas ion  o f  PDAC.   
Her e  we  h ypo t hes ize d  t ha t  t h e  a xo n  g u id an ce  f ac t o r  S l i t 2  a nd  i t s  Rob o  
r ece p to r s  co u ld  be  r e l e van t  f o r  t h e  d is sem in a t io n  o f  PDAC v i a  t h e i r  
e f f ec t s  o n  t he  ( d i r e c te d )  mo t i l i t y  o f  t h e  t um or  c e l l s  an d /o r  v i a  t he i r  
i n t e ra c t ion  w i t h  s t r oma l  s t ru c tu r es ,  s uc h  as  ves se l s  an d  n e r ves ,  t ha t  
f unc t i on  as  ro u te s  o f  i n vas io n  a nd  m eta s ta s i s .  
 
The  f o l l o w ing  t h re e  e xp er ime n ta l  a ppr oa ch es  a im  to  a ns wer  ou r  
r ese arc h  q ues t i on s :  
( 1 )  e xp r es s ion  a na l ys is  o f  S l i t 2  i n  c l i n i ca l  sam p les  an d  su bs eq uen t  
c o r re l a t io n  w i t h  c l i n i co pa t ho log ic a l  pa r amete r s   
( 2 )  e xper im en t a l  g a in -  a nd  l os s -o f - f un c t io n  s t ud ie s  in  a ppr op r i a te  i n  
v i t r o  a nd  i n  v i v o  mo de l s  t o  e va lua t e  t he  r o le  o f  S l i t 2 - Ro bo  f o r  
p an c re a t i c  c an cer  c e l l  mo t i l i t y ,  me t as ta s is ,  g ro wth  an d  ang iog e ne s i s   
( 3 )  ass es sment  o f  t h e  p o te n t i a l  f un c t io n  f o r  S l i t 2 -Rob o  o n  t um or  ce l l -
n e r ve - in t e ra c t i on s  i n  s u i t ab le  i n  v i t r o  a nd  e x  v i vo  m od e ls  o f  ne u ra l  
i n va s ion  
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2 .1.1 Chemicals and consumables 
 
Chemic a ls  and  r ea ge nts  wer e  p u rc ha se d  f r om th e  f o l l o w ing  
d i s t r i b u to rs ,  l i s t ed  a l ph ab e t i ca l l y :  Abc am  (Cambr i dg e ,  UK) ,  A f f ym et r i x  
( C le ve la nd ,  OH,  USA) ,  App l iCh em Gm bH ( Darms t ad t ,  Germ an y) ,  
Ap p l i ed  B io s ys t ems  (Fo s te r  C i t y ,  CA,  USA) ,  Be c to n  D i ck i n so n ,  F r ank l in  
L ak es ,  NJ ,  USA,  Be t h y l  L ab ora t o r i es  ( Mo n tg omer y ,  TX ,  USA) ,  B ioch rom 
AG  ( Ber l i n ,  G erman y) ,  B io Ra d  La bora t o r ie s  Gmb H ( Mu n i ch ,  G erma n y) ,  
Bo ehr ing er  I ng e lhe im  Gmb H ( I ng e lhe im  am  Rh e in ,  Ge rman y) ,  DAKO 
( Ham burg ,  Germ an y) ,  D iano va  ( Hamb urg ,  Germ an y) ,  G E  Hea l t hc a re  
( L i t t l e  Ch a l f on t ,  UK) ,  Her be t a  A r zne im i t t e l  (Be r l i n ,  Germ an y) ,  
I n v i t r og e n  L i f e  Tec hn o log ies  ( Car l sba d ,  CA,  USA) ,  Me rck  (Darms t ad t ,  
Germ an y) ,  M i l l i po re  ( B i l l e r i c a ,  MA ,  USA) ,  Pa n-B io te ch  Gm bH 
( A id enb ac h ,  G erma n y) ,  Pe proTec h  (Hamb urg ,  Germa n y) ,  Po l yP lus  
( I l l k i r c h ,  F r anc e) ,  P r omeg a  ( F i t ch bu rg ,  W I ,  USA) ,  Q iag e n  ( H i ld en ,  
Germ an y) ,  R&D Sys t ems ,  M inn ea po l i s ,  MN,  USA) ,  Ro che  ( Ba se l ,  
Sw i t ze r la nd ) ,  Ro th  ( Kar l s r uh e ,  German y) ,  Se r va  E lec t r op hor es i s  Gm bH 
( He ide lb e rg ,  G erma n y) ,  S ig ma-A ld r i c h  Chem ie  Gmb H ( S te i nh e im ,  
Germ an y) ,  Th ermo  F is he r  Sc ien t i f i c  (W a l t h am,  MA,  USA) ,  Vec to r  
L ab ora t o r ie s  (W er th e im-Be t t ing e n ,  Germa n y)  
Cons uma ble s  were  d e l i ve r ed  b y :  Ans e l l  (Ya r ra  C i t y ,  Au s t ra l i a ) ,  Bec t on  
D i ck i nso n  ( F ra nk l in  L ak es ,  NJ ,  USA) ,  B r au n  (Tu t t l i ng en ,  G erma n y) ,  
Ch ar i t é  ( Ber l i n ,  Ge rman y) ,  Corn ing  ( Lo we l l ,  MA,  USA) ,  F i ne  Sc ie nce  
Too l s  GmbH ( He ide lbe rg ,  German y) ,  Gebr üd er  Ma r t i n  GmbH 
(Tu t t l i ng e n ,  G erma n y) ,  Ger har d  Me n ze l  Gmb H ( Bra uns ch we ig ,  
Germ an y) ,  I b id i  Gmb H ( Mar t i ns r ie d ,  Germ an y) ,  Le ic a  Mic ro s ys tems  
Gmb H (Nuss loc h ,  Germ an y) ,  MP  B iome d ic a l s  ( San t a  An a ,  CA,  USA) ,  
Ro t h  (Kar l s r uh e ,  Germ an y) ,  Sa rs t ed t  ( Nüm bre ch t ,  Germa n y) ,  Th ermo 
F i sh e r  Sc ien t i f i c  (W al t ham,  Ma ,  USA) ,  VW R In t e rn a t i ona l  ( Ra dn or ,  CA,  
USA) .  
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2.1.2 Media,  solutions and buffers 
 
Ce l l  c u l tur e  me dia  and addi t i ves  we re  pu rc ha se d  f r om:  Bec ton  
D i ck i nso n  ( F ra nk l in  L ak es ,  NJ ,  USA) ,  B ioc h rom  AG  ( Ber l i n ,  G erman y) ,  
EMD Ch em ic a ls ,  I nc .  (San  D ieg o ,  CA,  USA) ,  I n v i t r og e n  L i f e  
Tec hn o log ies  (Car l s ba d ,  CA,  USA) ,  Lo n za  Gro up  ( Base l ,  Sw i t ze r l and ) ,  
PAA  La bor a to r ie s  Gmb H ( Pa sc h ing ,  Aus t r ia ) ,  R&D Sys t ems ,  I nc .  
( M in ne ap o l i s ,  MN,  USA) ,  Roch e  ( Ba se l ,  Sw i t ze r l an d) ,  S ig m a-A ld r i ch  
Ch emie  Gmb H (S t e i n he im ,  Germ an y) .  
Sta ndard-m edi a ,  - s o lu t i ons  a nd  - buf f ers  wer e  p r ep ared  acc o rd ing  t o  
Samb rook  e t  a l .  [ 2 43 ] .  A l l  so l u t i on s  h a ve  be en  p re pare d  w i t h  M i l l i -Q  
p u r i f i e d  wa t e r  a nd  a u toc l a ved  i f  r eq u i r ed  (1 21  ° C/  1  b a r /  2 5  m in ) .  
Un s tab le  ing red ien t s  h a ve  be en  s te r i l e - f i l t e re d  a nd  a dd ed  be f o re  
u sag e .  T he  comp os i t i on  o f  s pe c ia l  so l u t i on s  a nd  b uf f e r s  a re  m en t i on ed  




A  l i s t i ng  o f  t he  eq u ipme n t  use d  i s  p r o v id ed  b e lo w a n d  s u pp l i e r s  a re  
i n d ic a ted .  Sup p l i e r s  wer e :  CAW O Pho t och em isc hes  W erk  
( Sch rob en ha us en ,  Germ an y) ,  Epp en dor f  AG  ( Ham bu rg ,  Germ an y) ,  
L e ic a  (W et z la r ,  Ge rman y) ,  N ik on  (Tok yo ,  Ja pa n) ,  Th ermo  F is ch er  
Sc ie n t i f i c  (W a l t h am,  USA) ,  VW R In t e rn a t io na l  (Radn or ,  CA,  USA) ,  
Ze is s  ( Je na ,  G erma n y)  
Micr os cope s  
The  f o l l o w ing  m ic r osc op es  were  use d  f o r  c e l l  cu l t u re ,  i s o la t i on  o f  
t i s sue s ,  h i s t o log y  a nd  t im e  l ap se  e xpe r im en t s .  
 
T a b l e  1 :  M i c r o s c o p e s  
D e v i c e  C o m p a n y  
P r i m o  Ve r t  ( C e l l  c u l t u r e  m i c r o s c o p e )  Z e i s s   
A x i o v e r t  4 0  C F L +  A x i o C am  M R C  
( H i s t o l o g y  m i c r o s c o p e )  
Z e i s s  
D M I 6 0 0 0  B   
( M i c r o s c o p e  f o r  t i m e - l a p s e  i m a g i n g )  
L e i c a   
S M Z 6 4 5  ( S t e r e o m i c r o s c o p e )  N i k o n  
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Ce nt r i fuge s  
For  ce l l  c u l t u r e  an d  m o lec u la r  b io log ic a l  e xp er im en t s ,  t he  f o l l o w ing  
c en t r i f ug es  wer e  us ed .   
 
T a b l e  2 :  C e n t r i f u g e s  
D e v i c e  C o m p a n y  
H e r a e u s  l a b o f u g e  4 0 0 r   
( M i d  b e n c h  c e n t r i f u g e )  
T h e r m o  F i s c h e r  S c i e n t i f i c   
M i c r o c e n t r i f u g e  5 4 2 4 R  
( M i c r o c e n t r i f u g e )  
E p p e n d o r f  A G   
M i n i S t a r  S i l v e r l i n e  
( M i c r o c e n t r i f u g e )  
VW R  I n t e r n a t i o n a l  
M i c r o c e n t r i f u g e  5 4 2 4  
( M i c r o c e n t r i f u g e )  
E p p e n d o r f  A G  
M i c r o c e n t r i f u g e  5 8 1 0 R  
( M i c r o c e n t r i f u g e )  
E p p e n d o r f  A G  
 
2.1.4 Enzymes and reaction ki ts 
 
En zymes  an d  r ea c t io n  k i t s  were  p u rc has ed  f r om th e  f o l l o w ing  
d i s t r i b u to rs :  Ag i len t  ( Sa n ta  C la r a ,  USA) ,  App l i ed  B ios ys tem s  ( Fo s te r  
C i t y ,  CA,  USA) ,  B io Rad  L ab ora to r i es  Gm b H ( Mun i ch ,  G erma n y) ,  
I n v i t r og e n  L i f e  Tec hn o log ies  (Car l s ba d ,  CA,  USA) ,  Q iag e n  ( H i lden ,  
Germ an y) ,  Vec t o r  La bor a to r i es  (W er the im- Be t t i ng en ,  G erma ny) .  
P ro t oco l s  were  f o l l o we d  acc o rd ing  t o  t h e  ma nu f ac tu re rs ’  i n s t ru c t i on s .  
 
T a b l e  3 :  R e a c t i o n  k i t s  
K i t  C o m p a n y  
H i g h  C a p a c i t y  c D N A R e v e r s e  Tr a n s c r i p t i o n  K i t  A p p l i e d  B i o s ys t e m s  
i S c r i p t  c D N A S yn t h e s i s  K i t   B i o R a d  
O n e - S t e p  RT- P C R  K i t  I n v i t r o g e n  L i f e   
P l a s m i d  M A X I  K i t  Q i a g e n  
R N A - 6 0 0 0 - N a n o  K i t  A g i l e n t  
R N e a s y  L i p i d  T i s s u e  M i n i  K i t  Q i a g e n  
R N e a s y  M i n i  K i t  Q i a g e n  
Ve c t a s t a i n - E l i t e - A B C  k i t  Ve c t o r  L a b o r a t o r i e s  
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2.1.5 Ant ibodies and recombinant proteins 
 
The  f o l l o w ing  a n t ib od ie s  we r e  us ed  in  immun ob lo t s ,  
immu no f lu o re sc ence  m ic ros co p y a nd  immu no h is to ch emis t r y :  
 
T a b l e  4 :  P r i m a r y  a n t i b o d i e s  
Ta r g e t  An t i b o d y  
A n t i - A c t i n   P o l yc l o n a l  r a b b i t  a n t i b o d y  ( S i g m a - A ld r i c h ) ;  
W B :  1  µ g / m l  
A n t i - C D 3 1  ( P E C A M - 1 )  P u r i f i e d  r a t  a n t i b o d y  ( B e c t o n  D i c k i n s o n ) ;  I H C :  
1 / 5 0  
A n t i - C o r t a c t i n  ( p 8 0 / p 8 5 )  
[ 4 F 11 ]  
M o n o c l o n a l  m o u s e  a n t i b o d y  ( M i l l i p o r e ) ;  I F :  
1 / 2 0 0  
A n t i - F l a g  ( c l o n e  M 2 )  M o n o c l o n a l  m o u s e  a n t i b o d y  ( S i g m a - A l d r i c h ) ;  
W B :  1 0  µ g / m l  
A n t i - F l a g  P o l yc l o n a l  r a b b i t  a n t i b o d y  ( S i g m a - A ld r i c h ) ;  
W B :  1 0  µ g / m l  
A n t i - M yc  [ 9 E 1 0 ]  M o n o c l o n a l  m o u s e  a n t i b o d y  ( I n v i t r o g e n  L i f e  
Te c h n o l o g i e s ) ;  W B :  1 0  µ g / m l  
A n t i - N e u r o f i l a m e n t  
( a b 8 1 3 5 )  
P o l yc l o n a l  r a b b i t  a n t i b o d y  ( A b c a m ) ;  I F :  1 / 5 0 0  
A n t i - R o b o 1  P o l yc l o n a l  r a b b i t  a n t i b o d y  ( B e t h y l  
L a b o r a t o r i e s ) ;  W B :  1 0  µ g /m l ;  I H C :  1 / 5 0  
A n t i - R o b o 1  ( a b 7 2 7 9 )  P o l yc l o n a l  r a b b i t  a n t i b o d y  ( A b c a m ) ;  I H C :  1 / 5 0  
A n t i - R o b o 4  ( a b 1 0 5 4 7 )  P o l yc l o n a l  r a b b i t  a n t i b o d y  ( A b c a m ) ;  I H C :  1 / 5 0  
A n t i - S 1 0 0  ( A b - 2 )  P o l yc l o n a l  r a b b i t  a n t i b o d y  ( D i a n o v a ) ;  I H C :  
1 / 1 0 0  
A n t i - S l i t 2  ( A B 5 7 0 1 )  P o l yc l o n a l  r a b b i t  a n t i b o d y  ( M i l l i p o r e ) ;  I H C :  
1 / 2 0 0  
A n t i - S l i t 2  ( H PA 0 2 3 0 8 8 )  P o l yc l o n a l  r a b b i t  a n t i b o d y  ( S i g m a - A ld r i c h ) ;  
I H C :  1 / 2 5  
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T a b l e  5 :  S e c o n d a r y  a n t i b o d i e s  
Ta r g e t  An t i b o d y  
A n t i - M o u s e  I g G  P o l yc l o n a l  r a t  a n t i b o d y ;  b i o t i n y l a t e d  ( D A K O ) ;  
I H C  1 / 2 0 0  
A n t i - M o u s e  I g G  
 
P o l yc l o n a l  g o a t  a n t i b o d y ;  F I T C - c o n j u g a t e d  
( D i a n o v a ) ;  I F :  1 / 2 0 0  
A n t i - M o u s e  I g G  P o l yc l o n a l  g o a t  a n t i b o d y ;  H R P - c o n j u g a t e d  
( D i a n o v a ) ;  W B :  1 / 1 0 0 0 0  
A n t i - R a b b i t  I g G  P o l yc l o n a l  g o a t  a n t i b o d y ;  b i o t i n y l a t e d  ( Ve c t o r  
L a b o r a t o r i e s ) ;  I H C  1 / 2 0 0  
A n t i - R a b b i t  I g G  
 
P o l yc l o n a l  g o a t  a n t i b o d y ;  F I T C - c o n j u g a t e d  
( D i a n o v a ) ;  I F :  1 / 2 0 0  
A n t i - R a b b i t  I g G  P o l yc l o n a l  g o a t  a n t i b o d y ;  H R P - c o n j u g a t e d  
( D i a n o v a ) ;  W B :  1 / 1 0 0 0 0  
A n t i - R a t  I g G  P o l yc l o n a l  r a b b i t  a n t i b o d y ;  b i o t i n y l a t e d  
( D A K O ) ;  I H C  1 / 2 0 0   
 
T a b l e  6 :  F l u o r e s c e n t  d y e s  
D y e  C o m p a n y  
D A P I  
( N u c l e i c  a c i d  s t a i n )  
S i g m a - A l d r i c h ;  I F :  2  µ g / m l  
P h a l l o i d i n - Te t r a m e t h y l -
r h o d a m i n e - B - i s o t h i o -
c ya n a t e  ( T R I T C )  
( S t a i n i n g  o f  a c t i n  
f i l am e n t s )  
S i g m a - A l d r i c h ;  I F :  1 0 0  µ g / m l  
 
T a b l e  7 :  R e c o m b i n a n t  p r o t e i n s  
R e c o m b i n a n t  p r o t e i n  D e t a i l s  
R o b o 1 - F c  R e c om b i n a n t  r a t  R o b o 1 - F c  c h i m e r a  ( R & D  
S ys t e m s ) .  C e l l  c u l t u r e  a s s a ys :  5 - 1 0  µ g / m l ;  i n  
v i v o :  4 5  µ g / m l  
h u S l i t 2 N  R e c om b i n a n t  h u m a n  S l i t 2 N  ( 1 0 9 3  a a ) ,  
( S i g m a - A l d r i c h ) .  C e l l  c u l t u r e  a s s a ys :  2 0 0  
n g / m l  
h u S l i t 2 N  R e c om b i n a n t  h u m a n  S l i t 2 N  ( 1 0 9 3  a a ) ,  
( P e p r o Te c h ) .  C e l l  c u l t u r e  a s s a ys :  2 0 0  n g / m l  
V E G F  R e c om b i n a n t  h u m a n  V E G F - 1 6 5 ( R & D  
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2.1.6 Microbial  strains 
 
The  f o l l o w ing  ba c te r i a  s t ra in  wa s  u se d  f o r  t h e  amp l i f i c a t io n  and  
i s o la t io n  o f  p la sm id  DNA:  X L1 0-Go ld® U l t r a com pet en t  E .  co l i  
( S t ra t ag en e  Te ch n i c a l  Se r v ic es ,  L a  J o l la ,  CA,  USA) .  Ge no t yp e  and  
b ack g rou nd :  T e t rD(mcr A)1 83  D(mcr CB -hs d SMR-mr r ) 17 3  e nd A1  s up E44  
th i - 1  r ec A1  g yrA96  r e lA1  l ac  H t e  [F ´  p ro AB  la c Iq ZDM1 5  Tn 10  (Te t r )  
Am y  Camr ] .  A f t e r  t r ans f o rmat io n  w i t h  p la sm id -DNA,  b ac t e r ia  were  
c u l t u r ed  i n  LB  g ro wt h  me d ium  ( Ro th )  a nd  p la t ed  on  ag ar  p l a tes  
c on t a in ing  t he  a pp rop r i a te  a n t ib io t i c  ( am p ic i l l i n ,  k a nam yc in ) .  Ag ar  
p l a te s  wer e  i nc uba t ed  a t  37  ° C  f o r  2 4  h .  I n d i v i d ua l  c o lo n ies  were  
p i ck ed  a nd  p ro pag a t ed  i n  2 50  m l  E r l enm e yer  f l ask s .   
G ro wth  me d ium  wa s  au t oc la ve d  a nd  u n s ta b le  ad d i t i ves  we re  s t e r i l e  
f i l t e r ed  an d  a dd ed  j u s t  b e f o re  us ag e .  G l yc e ro l  s t ock s  wer e  p r epa red  as  
b ack -u p  f o r  eac h  t r a ns f o rme d  c lo ne d .  
 
2.1.7 Eukaryot ic cel l  l ines 
 
Sp ec i f i c  i n f o rmat i on  o n  t h e  in d i v i d ua l  c e l l  l i ne s  wer e  o b ta i ne d  f r om the  
Amer ic an  T yp e  Cu l t u r e  Co l l ec t i on  (ATCC)  o r  t h e  Le ibn i z - I n s t i t u t  DSMZ.  
Ce l l s  we re  se ed ed  i n  t he  i n d i ca t ed  m ed ia  and  cu l t i va te d  in  a n  in cub a to r  
a t  37  ° C  a nd  5  %  CO 2 - a tmo ps her e  an d  9 0  %  a i r  h um id i t y .  Fo r  e ac h  ce l l  
t ype  o r  t r a ns f ec ted  ce l l  l i n e  f r o ze n  s t ock s  o f  ea r l y  p as sag es  we re  
p rep are d  an d  s to re d  a t  - 80  ° C  an d  l i q u id  n i t r og e n .  The  f o l l o w ing  ce l l  
l i n es  and  p r imar y  ce l l s  were  us ed  f o r  i n  v i t r o  an d  i n  v i v o  a ss a ys .  
 
Tum or  c e l l  l i ne s:  
ASPC- 1:  Pu rch as ed  f r om  ATCC ( Ma na ss as ,  USA) .  De sc r ip t i on :  Human 
p an c re a t i c  c an cer  c e l l  l i ne ;  de r i ve d  f r om  as c i t es  i no cu la t ed  xenog ra f t .  
Me d ia :  RPMI  16 40 /  1 0  % FBS/  P+ S/  G lu .  
BXPC3:  Pu r ch as ed  f r om  ATCC (Ma n a ssa s ,  USA) .  De sc r ip t ion :  
Ad her en t ,  e p i t h e l i o i d  pa nc re a t i c  c an ce r  ce l l  l i ne ;  de r i ved  f r om human 
a de no car c i nom a.  Me d ia :  DMEM /  10  % FBS/  P+ S/  G lu .  
Ca pa n-1 :  Pu rcha se d  f r om  DSMZ ( Br aunsc h we ig ,  G erma n y) .  
De sc r ip t i on :  Adhe re n t ,  ep i t he l io i d  p an c re a t i c  ca nce r  c e l l  l i n e ;  de r i ved  
f r om hum an c a rc i nom a.  Me d ia :  RPMI  1 64 0 /  1 0  % FBS/  P+ S/  G lu .  
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Ca pa n-2 :  Pu rcha se d  f r om  DSMZ ( Br au nsc h we ig ,  G erma n y) .  
De sc r ip t i on :  Adhe re n t ,  ep i t he l io i d  p an c re a t i c  ca nce r  c e l l  l i n e ;  de r i ved  
f r om hum an c a rc i nom a.  Me d ia :  RPMI  1 64 0 /  1 0  % FBS/  P+ S/  G lu .  
D ANG :  Pu r cha se d  f r om DSMZ ( Bra un sc h we ig ,  G ermany) .  Desc r i p t i on :  
Ad her en t ,  e p i t h e l i o i d  pa nc re a t i c  c an ce r  ce l l  l i ne ;  de r i ved  f r om human 
c a rc i noma.  Me d ia :  RPMI  16 40 /  10  % FBS/  P+ S/  G lu  
Mia Pa Ca-2 :  Pu r ch as ed  f r om DSMZ ( Bra un sc h we ig ,  G ermany) .  
De sc r ip t i on :  Adhe re n t ,  ep i t he l io i d  p an c re a t i c  ca nce r  c e l l  l i n e ;  de r i ved  
f r om hum an c a rc i nom a.  Med ia :  DMEM /  1 0  % FBS/  P+ S/  G lu .  
Mia Pa Ca-2 T R :  K in d l y  p r o v id ed  b y  Pe t ra  Sch u l z  ( f o rmer l y  De par tm en t  o f  
He pa t o l og y  an d  Ga s t ro en t e ro l og y ,  Ch ar i t é - Un i ve r s i t ä t sme d i z in  Ber l i n ,  
Cam pus  V i r c ho w- K l i n i k um) .  Des c r ip t ion :  S t ab le  ce l l  c l one  g e ner a te d  b y  
s t ab le  t r an s f ec t i on  o f  pc DNA6/TR  in to  M ia Pa Ca-2  c e l l s ,  r e su l t i ng  i n  
e xp r ess ion  o f  t h e  Te t  r ep r es so r  [ 24 4 ] .  Rec ip i en t  f o r  pcDNA4/TO-SP-
3 xFLAG- S l i t 2 -m yc -H i s  f o r  i n duc ib le  exp re ss io n  o f  S l i t 2 .  Me d ia :  DMEM /  
1 0  % FBS/  P+ S/  G lu .  
Pa nc 1:  Pur ch as ed  f r om ATCC ( Ma na ss as ,  USA) .  Desc r i p t io n :  Adheren t ,  
e p i t h e l io id  pa nc r ea t i c  c an cer  c e l l  l i ne ;  d e r i ved  f r om huma n  c a rc in oma.  
Me d ia :  DMEM /  10  % FBS/  P+ S/  G lu .  
Pa nc 1 T R :  K in d l y  p r o v id ed  b y  Pe t r a  Sch u l z  ( f o rmer l y  De par tm en t  o f  
He pa t o l og y  an d  Ga s t ro en t e ro l og y ,  Ch ar i t é - Un i ve r s i t ä t sme d i z in  Ber l i n ,  
Cam pus  V i r c ho w- K l i n i k um) .  Des c r ip t ion :  S t ab le  ce l l  c l one  g e ner a te d  b y  
s t ab le  t r an s f ec t i on  o f  pc DNA6/TR i n to  Pa nc 1  ce l l s ,  r esu l t i ng  in  
e xp r ess ion  o f  t he  Te t  r ep r es so r .  Rec ip i en t  f o r  pc DNA4/TO-SP-3 xFL AG-
S l i t 2 -m yc - H is  f o r  i n du c ib l e  e xp re ss ion  o f  S l i t 2 .  Me d ia :  DMEM /  1 0  % 
FBS/  P+ S/  G lu .  
Pa nc 02:  K in d l y  p r o v id ed  b y  V .  Sc hm i t z  ( De par tm en t  o f  I n t e rn a l  
Me d i c in e  I ,  Un i ve rs i t y  o f  Bon n) .  De sc r ip t i on :  Adh ere n t ,  mur i ne  
p an c re a t i c  c an cer  c e l l  l i n e .  Der i ve d  f r om  m ice  w i t h  C5 7 /B l -6  
b ack g rou nd .  Me d ia :  DMEM /  1 0  % FBS /  P+ S/  G lu .  
 
Perm anent  ce l l  l i ne s:  
Hum an  Embr yo n i c  K idn e y  2 93  ce l l s  (HEK29 3) :  Pu rc ha se d  f r om  AT CC 
( Ma na ss as ,  USA) .  Des c r i p t io n :  Hum an  embr yon ic  k id ne y  ce l l s  
( t r ans f o rme d  b y  ad en o v i r us ) ;  de r i ved  f r om  huma n  emb r yo n ic  k i dn e y .  
Me d ia :  RPMI  16 40 /  1 0  % FBS/  P+ S/  G lu .  
Hum an  pa nc r ea t i c  d uc t  e p i t he l i a l  c e l l s  (HPDE,  H6c 7) :  K in d l y  p ro v i ded  
b y  Dr .  M.  Tsao  (P r inc es s  Ma rg are t  Can cer  Ce n te r ,  UHN,  To ro n to ,  
Ca na da) .  De sc r ip t i o n :  Ad her en t ,  immor t a l i ze d  e p i t h e l i a l  ce l l s  f r om 
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n o rma l  ad u l t  huma n  p an c re a t i c  d uc t s .  Med ia :  Ke ra t i n oc y t e  Bas a l  
Me d ium +  s up p leme n ts  ( Lo n za) .  [ 24 5 ,  2 46 ]  
 
Pr imar y e ndothe l ia l  ce l l s :  
Hum an  Um b i l i ca l  Ve in  End o th e l ia l  Ce l l s  (HUVEC) :  L on za  (Bas e l ,  
Sw i t ze r la nd ) .  Desc r ip t i on :   P r imar y  e nd o th e l i a l  c e l l s  de r i ved  f r om 
h uma n  umb i l i c a l  ve i ns .  Me d ia :  EG M-2  Bu l l e t  +  s up p leme n ts  (L on za) .  
Ce l l  c u l t u r e  ware  we re  c oa t ed  w i t h  3  % Co l lag e n .  
Hum an  Derm a l  M i c r o vasc u la r  End o th e l ia l  Ce l l s  ( HDMEC) :  P r omo Ce l l  
( He ide lb e rg ,  Germa n y) .  Des c r i p t io n :  P r imar y  e nd o th e l i a l  c e l l s  de r i ved  
f r om hum an  de rm is .  Me d ia :  EG M-2  Bu l l e t  +  su pp leme n ts  ( Lo n za) .  Ce l l  
c u l t u r e  ware  we re  c oa t ed  w i t h  3  % Co l l ag e n .  
 
Pr imar y neurona l  c e l l s :  
Rat  Sch wa nn  c e l l s  (SW C) :  Sour ce :  K ind l y  p ro v ide d  b y  C .  B i r chme ie r  
( MDC,  Ber l i n ,  Germa n y) .  Des c r ip t io n :  P r ima r y  r a t  Sch wa nn  c e l l s .  Med ia  
( f u l l ) :  DMEM/  F1 2  ( 1 x) /  1 0  %  FBS/  NRG- 1  (R&D Sys tem s) /  Fo rsk o l in  
( EMD Ch em ica l s ,  I n c . ) .  Ce l l  cu l t u re  wa r e  we re  c oa t ed  w i t h  Po l y -L -
L ys ine  ( S IG MA- A ld r i c h )  a nd  l am in in  (Ro che ) .  
 
2.2 Genetic and molecular biological  methods 
 
2.2.1 Molecular  cloning of  Sl i t2  expression 
constructs 
 
Hum an  S l i t 2  f u l l - l e ng th  c DNA ( c lo ne :  Hs . 29 80 2 ;  imaGe ne s ,  Ber l i n ,  
Germ an y)  wa s  c l on ed  in t o  pc DNA4/TO-m yc H is  ( I n v i t r og e n ;  Darms tad t ,  
Germ an y) ,  r es u l t i ng  i n  pc DNA4/TO-SP-3 xFL AG- S l i t 2 -m yc H is  ( F ig u r e  3  
A ,  B ) .  C lo n ing  s t ra teg y  an d  t h e  im p leme n ta t i on  o f  t he  va r i ou s  c lo n ing  
s t ep s  were  do ne  b y  S I NA  Sc ie nc e  Ser v i ce s  GmbH (Be r l i n ,  Germa n y)  
a cc o rd ing  t o  t h e  f o l l o w ing  p r o to co l .  I n  a  f i r s t  s t ep  h uma n S l i t 2  f u l l -
l e ng th  c DNA ( w i t ho u t  l e ad er  seq u enc e)  was  am p l i f i ed  a nd  t he n  c lo ned  
i n t o  t he  p cDNA4/TO-m yc H is  ve c to r  ( I n v i t r og e n)  v i a  t he  r es t r i c t i o n  s i t es  
Not I  an d  XbaI .  The  se co nd  s tep  compr i se d  t h e  i ns e r t i o n  o f  t he  S l i t 2  
l e ad er  seq u en ce  f o l l o we d  b y  a  3 xFL AG-s eq ue nce .  Th e  le ad er  seq u en ce  
o f  S l i t 2  wa s  t he r e f o re  e l ong a t ed  w i t h  p r imer s  in  su ch  a  wa y  t ha t  i t  
r esu l t s  i n  a  t r i p le  FL AG- tag .  Th i s  f r ag ment  wa s  ag a in  c l o ne d  in t o  t h e  
p c DNA4/TO-SP- S l i t 2 -m yc H is  be f o re  t he  S l i t 2  c DNA v i a  Bam HI  an d  Not I .  
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The  f i n a l  p ro du c t  wa s  pc DNA4/TO-SP-3 xFL AG- S l i t 2 -m yc H is  le ad ing  t o  
s ec r e te d  S l i t 2  w i t h  a n  N- t e rm in a l  t r i p le  FL AG- tag  ( f r om h ere  on  FL AG-
tag )  an d  a  C- te rm in a l  m yc -H i s - t ag  ( f rom  h ere  on  m yc - t ag ) .  The  p r oduc t  
wa s  seq u en ce d  and  an a l yzed  b y  S INA  Sc ien ce  Ser v i ces  Gmb H ( Ber l i n ,  
Germ an y) .  S I NA  Sc ien ce  Ser v i ces  Gmb H ( Ber l i n ,  G erma n y)  p ro v i ded  
t h e  p l asm id  DNA an d  g l yc e ro l  s t ock s  w i t h  t r ans f o rme d  ba c te r i a  (E.  co l i  
DH5a lph a)  a s  we l l  a s  s eq ue nce  do cume nta t i on .  
A  sp ec ia l  f ea tu r e  o f  t he  p cDNA4/TO-m ycH is  vec t o r  i s  t h a t  i t  co n ta ins  
t wo  t e t r ac yc l i ne  op era t o r  2  (Te tO 2 )  s i t es  w i t h i n  t he  p rom ote r  reg io n .  
Th is  a l l o ws  f o r  r eg u la t ed  g e ne  e xp re ss ion ,  i f  ce l l s  a re  co - t r ans f ec t ed  
w i t h  p cDNA4/TO-m ycH is  vec t o r  a nd  t he  pc DNA6/T R ve c to r  [ p lease  
r e f e r  t o  u se r  m anu a l  a nd  ve c to r  ma ps  p ro v id ed  b y  I n v i t r og e n ] .  The  
p c DNA6/T R vec t o r  e xp r ess es  h ig h  l e ve ls  o f  t he  t e t ra c yc l i ne  (Te t )  
r ep r ess or ,  wh ic h  b i nd s  t o  t h e  Te tO 2  s i t es  a nd  t hus  i n h ib i t s  g e ne  
e xp r ess ion  f r om t he  pc DNA4/TO-mycH is  ve c to r .  Ge ne  e xp r ess ion  c an  
b e  i nd uce d  b y  add ing  d o xyc yc l i ne ,  a  s t ab le  t e t r ac yc l i ne  an a log ue ,  
wh i c h  in duc es  c on f o rmat io na l  c ha nge s  w i t h in  t h e  Te t  r e p re sso r  an d  
t h e re b y  p re ven t i ng  t h e  b in d ing  o f  t he  T e t  r ep r es so r  t o  t h e  p r omot e r  o f  
t h e  p cDNA4/TO-myc H is  vec t o r .  I f  c e l l s  a r e  t r an s f ec t ed  w i t h  t h e  
p c DNA4/TO-m yc H is  ve c to r  a lo ne ,  t he  g en e  o f  i n te r es t  i s  co n t in uo us ly  
e xp r ess ed .  
 
2.2.2 Transformation – heat shock method 
 
A  f r o ze n  s t ock  o f  c omp e te n t  E.  c o l i  DH5α  wa s  pu t  o n  i c e  f o r  1 0  m in .  
5 0  µ l  o f  ba c te r ia  we re  t he n  t r ans f e r red  i n t o  a  1 . 5  m l  Eppe nd or f  r ea c t i on  
t u be  a nd  m ixed  w i t h  2  µ l  ß - Mer ca p to e th an o l  f o l l o we d  b y  an o the r  
i n cu ba t io n  s t ep  on  i c e  f o r  10  m in .  Then  1  t o  2  µg  o f  p la sm id - DNA we re  
a dd ed  m ixed  a nd  in cu ba t ed  o n  i ce  f o r  3 0  m in .  Here a f t e r ,  t h e  ce l l s  were  
h ea t  shock ed  f o r  30  sec  i n  a  wa te r  ba t h  (4 2  ° C)  an d  p la ce d  o n  i ce  f o r  
2  m in .  A f t e r wards  9 50  µ l  o f  p re he a ted  LB  me d ia  (3 7  °C )  wa s  ad ded .  
The  b ac t e r i a  wer e  in cu ba t ed  f o r  1  h  a t  3 7  ° C  on  a  sh ak er .  10 0  t o  2 00  µ l  
we r e  p la t ed  on  ag ar  c on t a i n ing  t he  app rop r i a te  an t ib i o t i c  a nd  in cu ba t ed  
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2.2.3 Maxi  preparation of plasmid DNA 
 
I n  o rd e r  t o  ob t a i n  su f f i c ien t  s ta r t i ng  ma t e r ia l ,  a  p re - / s ta r t e r  cu l t u re  was  
p rep are d  b y  t r a ns fe r r i ng  a  s i ng le  c o lo n y  f r om  a  p r e v iou s l y  i no cu la ted  
ag ar  p la t e  t o  a  1 5  m l  Fa lco n  t ub e  c on t a in ing  5  m l  L B  me d ium 
s up p leme n te d  w i t h  t he  ap pro p r ia te  an t i b io t i c .  Th e  c u l t u r e  was  
i n cu ba t ed  o ve r n ig h t  a t  37  ° C  un der  ag i t a t i on  ( in cu ba t o r  h oo d  TH  30 ,  
Edmu nd  Bü h le r  Gmb H) .  The  p re -c u l t u re  was  t he n  ad ded  t o  2 00  m l  LB  
me d ia  co n ta in i ng  t h e  ap pro pr i a te  a n t i b i o t i c .  The  ce l l s  we r e  in cu ba te d  
o ve r n ig h t  a t  3 7  ° C  a nd  22 5  rpm.  I n  s ome  c as es  g l yc e ro l  s t ock s  were  
p rep are d  b y  m ix i ng  60 0  µ l  g l yce r o l  w i t h  t h e  sam e  vo lum e  o f  b ac t e r ia  
s o lu t i on .  The  s to cks  we re  s t o re d  a t  - 80  °C  un t i l  usag e .  Fo r  i so l a t i on  o f  
p l asm id  DNA t he  P lasm id  MAXI  K i t  (Q iag e n)  wa s  u se d .  Th ere f o re  1 00  
t o  2 00  m l  o f  t h e  ove rn ig h t  cu l t u re  wa s  c en t r i f ug ed  ( 15  m in /  10 00  r pm/  
4  °C) .  Th e  bac t e r i a  pe l l e t  was  f u r t h e r  p re par ed  acco rd ing  t o  t he  
ma nu f ac t u re r ’ s  i n s t r uc t io ns  (Q iag en) .  The  p re c ip i t a t ed  p la sm id  was  a i r  
d r i ed  an d  s o l ve d  in  1 00- 30 0  µ l  do ub le - d i s t i l l ed  ( nu c lea se- f ree )  wa t e r .   
 
2.2.4 Analyt ical  agarose gel  electrophoresis 
 
A  h o r i zon ta l  g e l  e le c t ro ph ore s i s  s ys tem  (B ioRad)  wa s  us ed  t o  s ep ara te  
DNA f rag ments  a cc o rd ing  t o  t he i r  mo lec u la r  s i ze .  S t an dar d  p ro t oco ls  
we r e  f o l l o wed  [2 43 ] .  E le c t ro ph ores i s  wa s  c a r r ie d  ou t  i n  1 x  T AE  bu f f e r  
( 40  m M T r i s ,  2 0  mM g lac i a l  ace t i c  ac i d ,  20  m M EDTA)  a n d  a  1 -2 .5  % 
( w / v )  ag ar os e  g e l  c on t a i n ing  e t h id i um  b r om ide  ( E tB r ) .  Fo r  s i ze  
d e te rm ina t io n  a  s i ze  m ark e r  (Ge ne Ru le r  50  o r  1 00  b p  DNA La dder ,  
Therm o  F i sh er  Sc ie n t i f i c )  wa s  lo ade d  t o  t h e  g e l  t oge t he r  w i t h  t h e  
s amp le  p ro be s .  A f t e r  e lec t r op hor es is ,  s ep ara t ed  DNA b an ds  were  
v i s u a l i ze d  u s ing  a  UV- t ra ns i l l um in a to r  a nd  sub seq u en t  imag e  
d oc ume nta t io n  ( B iomet r a ,  Germa n y) .  
 
2.2.5 Isolat ion of  RNA from tissue extracts and 
eukaryot ic cel ls 
 
Fo r  t he  i so l a t i on  o f  t o t a l  RNA f rom e uk ar yo t i c  ce l l  l i n es  t h e  RNea sy 
Min i  K i t  (Q iag e n)  wa s  u se d .  Bu f f e r s  an d  re ag en ts  we re  a pp l i ed  
a cc o rd ing  t o  t h e  ma nu f ac t u re r ’ s  p r o toc o l .  Ce l l s  wer e  c u l t u r ed  i n  6 - we l l  
p l a te s  o r  10  cm  d is he s  u n t i l  a  c on f l ue nc e  o f  ab ou t  70  %  wa s  re ac hed .  
Fo r  DNA d emeth y la t io n  as sa ys  3 x1 0 5  t um or  ce l l s  we re  s ee de d  in  6 - we l l  
p l a te s  a nd  i nc uba t ed  f o r  72  h  w i t h  1 0  µ M 5 - AZA-2 ’Deo xyc y t i d in e  
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( Mer ck ) .  Th e  ce l l s  we r e  t r yp s in i zed  a nd  c en t r i f ug ed  ( 5  m in /  1 500  rpm/  
RT ) .  Th e  ce l l  p e l le t  wa s  wa sh ed  t w i ce  w i t h  PBS  an d  c en t r i f ug ed  ag a in  
( 5  m in /  1 50 0  rpm/  RT ) .  Th ere a f t e r ,  t h e  pe l le t  wa s  d i ss o l ved  in  RLT-
l ys i s -b u f f e r .  Ce l l  l ys i s  wa s  f ac i l i t a ted  b y  p i pe t t i ng  up  a nd  d o wn  w i t h  a  
2 9  g aug e  (G)  s yr ing e  ( re pe a te d  f i ve  t ime s ) .   
I s o la t io n  o f  t o ta l  RNA f rom  t i s su e  wa s  d on e  w i t h  t he  RNea s y  L ip i d  
T i ss ue  Min i  K i t  (Q iag e n) .  Th i s  k i t  i s  r e comme nd ed  f o r  t i ss ue  t h a t  i s  
a l i ph a t i c  an d  r i ch  in  s t r oma.  A  sm a l l  p i ec e  o f  t i s su e  was  t r a ns f e r re d  t o  
a  L ys ing  Mat r i x  D  t u be  ( MP  B iome d ic a ls ) .  Care f u l l y  700  µ l  o f  Q IAzo l  
l ys i s  re ag en t  we re  a dd ed  t o  t h e  r eac t i on  t ub e  a nd  h omog e n i zed  
( 15  s ec /  55 00  r pm)  w i t h  t h e  Fas t Pre p-2 4  h omog e n i ze r  ( MP 
B iome d ic a l s ) .  Th e  m ix t u re  wa s  l e f t  f o r  5  m in  a t  r oom  t emp era t u re .  A f t e r  
t h e  in cu ba t io n  t ime  14 0  µ l  o f  ch l o ro fo rm  wa s  a dd ed ,  m ixe d  v ig o r ou s ly  
f o r  1 5  se c  a nd  i ncu ba t ed  ag a in  f o r  2  t o  3  m in  a t  RT .  Th e  s ub seq u en t  
c en t r i f ug a t i on  s te p  ( 15  m in /  12 00 0  rpm/  4  ° C)  r es u l t ed  in  t h re e  p ha ses ,  
a n  aq ue ous ,  i n te r -  a n d  o rg a n ic  ph ase .  T he  aq ue ous  ph as e  c on t a in ed  
t h e  RNA ( abo u t  32 0  µ l )  an d  wa s  t r a ns f e r re d  i n to  a  n e w Ep pendor f  
r eac t i on  t ub e .  
F rom her e  on  a l l  s t ep s  wer e  eq ua l  f o r  RNA iso la t io n  f r om c e l l s  and  
t i s sue .  Th e  o n -c o lumn  DNa se  d ig e s t ion ,  t he  se ver a l  wa sh ing  s te ps  a nd  
e l u t io n  o f  t o ta l  RNA wer e  don e  a cc o rd ing  t o  t h e  ma nu f ac t u re r ’ s  
p ro to co l .  RNA wa s  e l u t ed  w i t h  3 0  µ l  RNas e - f r ee  wa t e r .  RNA sam p les  
we r e  k ep t  o n  i c e  a nd  c onc en t r a t io n  wa s  d e te rm ine d  w i t h  a  Nan o Drop  
ND 10 00 .   
 
2.2.6 Complementary cDNA synthesis (RT-PCR) 
 
I s o la t ed  t o t a l  RNA f rom  t i ss ue  e x t ra c t s  o r  euk ar yo t i c  c e l l s  was  
t r a ns c r ib ed  in t o  cDNA w i t h  t he  re ve rse  t r an sc r ip t as e  enzym e.  A  s i ng le  
r e ve r se  t r a nsc r i p t io n  PCR ( f r om here  on  s imp le  r e f e r re d  as  RT-PCR)  
r eac t i on  co n ta i ne d  t he  f o l l o w ing  bu f f e r s  an d  r eag e n ts  f r om  th e  iSc r ip t  
c DNA Syn t hes i s  K i t  (B i o Ra d) :  2  µ l  o f  RT  bu f f e r ,  0 . 8  µ l  o f  
d eo xyn uc leo t i de  t r i p ho sp ha t es  (d NTPs) ,  2  µ l  RT  ra nd om  p r im ers  a nd  
1  µ l  o f  Mu l t iSc r ibe  Re vers e  T ra nsc r i p t as e .  1 - 2  µg  o f  t o t a l  RNA wa s  
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T a b l e  8 :  P C R  p r o g r a m  f o r  c D N A s y n t h e s i s  
P C R  r e a c t i o n  w a s  c a r r i e d  o u t  i n  a  R T - P C R  c yc l e r  ( P e r k i n  E l m e r ,  U S A )  b y  
u s i n g  t h e  f o l l o w i n g  p r o g r a m  
The  f o l l o w ing  p r ime rs  wer e  us ed  f o r  qu a l i t a t i ve  PCR:  
T a b l e  9 :  P r i m e r s  f o r  q u a l i t a t i v e  P C R  
P r i m e r  S e q u e n c e  
h u S l i t 2  f o r w a r d :  5 ’ - T C C  TA A C T C  C A A A G G  G AT T C A A AT  G T-
3 ’  
h u S l i t 2  r e v e r s e  5 ’ - G G C  T C C  G T T  T T T  A C A C T T  G T T  G T C  T- 3 ’  
h u R o b o 1  f o r w a r d  5 ’ - G C A T C G  C T G  G A A G TA G C C  ATA C T- 3 ’  
h u R o b o 1  r e v e r s e  5 ’ - C AT  G A A AT G  G T G  G G C  T C A G G A T- 3 ’  
 





S t e p  O p e r a t i o n  Te m p e r a t u r e  T i m e  
 L i d  9 9  ° C  -  
1  A n n e a l i n g  2 5  ° C  1 0  m i n  
2  E l o n g a t i o n  3 7  ° C  1 2 0  m i n  
3  I n a c t i v a t i o n  8 5  ° C  5  s e c  
4  -  4  ° C  ∞  
S t e p  O p e r a t i o n  Te m p e r a t u r e  T i m e  An n o t a t i o n  
 L i d  9 9  ° C  -   
1  D e n a t u r a t i o n  9 5  ° C  3 0  s e c  I t e r a t i o n  l o o p :  
s t e p  2 - 5  
3 5  c yc l e s  
2  A n n e a l i n g  5 5  ° C  3 0  s e c  
3  E l o n g a t i o n  7 2  ° C  3 0  s e c  
  7 2  ° C  1 0  m i n   
4   4  ° C  ∞   
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2.2.7 Quanti tat ive polymerase chain reaction (qRT-
PCR) 
 
Fo r  a na l ys i s  o f  S l i t 2  g en e  e xp re ss io n  i n  ce l l  cu l t u re  s ys tem s  r ea d y  t o  
u se  p r im ers  a nd  p r obe s  we re  p u rch as ed  f r om App l i ed  B ios ys tem s  and  
1 8 S  was  u t i l i ze d  as  h ous ek ee p ing  g en e .  T r ip l i c a tes  we re  p r ep ared  f o r  
e ve r y  s amp le  ea ch  co n ta i n ing  10  ng  o f  c DNA.  A  ma s te r  m i x  was  
p rep are d  f o r  a  s ing le  re ac t io n  a s  f o l l ows :  5  µ l  2 x  un i  MM b u f f e r ,  0 . 3  µ l  
o f  e ac h  p r im er  ( 10  µ M)  a nd  0 . 3  µ l  p ro be  (5  µ M) .  Th e  r ea d y  t o  us e  m ix  
f r om Ap p l ie d  B iosys tems  wa s  u se d  a cc ord ing  t o  t he  ma nu f ac t u re r ’ s  
i n s t ru c t i on s .  Amp l i f i c a t ion  o f  t h e  t a rg e t  g e ne  a nd  t h e  h o us ek eep ing  
g en e  we re  m ea sur ed  w i t h  t h e  75 00  Fas t  Rea l -T im e  PCR s ys tem 
( Ap p l i ed  B ios ys tems) .  Eac h  e xp er ime n t  wa s  r ep ea t ed  a t  l e as t  t h ree  
t ime s .  
m RNA e xpr ess ion  a na l ys is  i n  pa t i en t  s amp le s  was  do ne  i n  co op era t io n  
w i t h  Ja n  L .  Kö rn e r  (Dep ar tme n t  o f  He pa t o log y  a nd  Gas t ro en t e ro l og y ,  
Ch ar i t é - Un i ve rs i t ä t sm ed i z i n  Ber l i n ,  Cam pus  V i r c ho w-K l i n i k um) ,  who  
c on du c te d  t h e  m RNA i so l a t i on  a nd  q RT- PCR re ac t io ns ,  b u t  ha d  no  pa r t  
i n  t h e  pa t ho -m orph o log ic  e va lu a t i on  o f  pa t i en t s  ma t e r ia l  a nd  d a ta  
a na l ys is .  I so l a t i on  o f  t o t a l  RNA f rom  pa t i en t  t i ss ue  m ate r ia l  wa s  ca r r i ed  
o u t  w i t h  t h e  RNeas y  m in i  k i t  (Q iag e n) .  RNA q u a l i t y  wa s  va l i d a ted  w i t h  
t h e  Ag i l en t ’ s  2 10 0  B ioa na l yze r  in  comb ina t i on  w i t h  t h e  RNA- 60 00- Nano  
K i t  ( Ag i l en t ) .  Fo r  q ua n t i f i ca t i on  o f  S l i t 2  g e ne  e xp r es s io n  re ad y  t o  use  
p r im ers  an d  p r obe s  wer e  p u rch as ed  f r om  Ap p l i ed  B io s ys t ems  and  
GAPDH was  u t i l i zed  a s  h ou sek ee p ing  g e ne .  Q ua n t i t a t i ve  qRT- PCR was  
c on du c te d  i n  t r i p l i ca t es  us ing  t h e  CFX9 6  th e rmo- c yc le r  (B io Ra d) .  Each  
e xp er ime n t  was  do ne  i n  t r i p l i ca te s .  P r imer  seq ue nc es  a re  i nd i ca ted  
b e lo w (Tab le  1 1 ) .   
 
 
E q u a t i o n  1 :  Q u a n t i f i c a t i o n  o f  g e n e  e x p r e s s i o n  
S a m p l e s  w e r e  a n a l yze d  u s i n g  t h e  L i v a k - m e t h o d  [ 2 4 7 ] ,  a  r e l a t i ve  
q u a n t i f i c a t i o n  m e t h o d  ( “ Δ Δ C T ” ) .  
a )  ΔC T , T a r g e t  =  C T , T a r g e t  -  C T , R e f e r e n c e  
b )  ΔC T , C a l i b r a t o r  =  C T , C a l i b r a t o r  -  C T , R e f e r e n c e  
c )  ΔΔC T  =  ΔC T , T a r g e t  -  ΔC T , C a l i b r a t o r  
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T a b l e  1 1 :  P r i m e r s  f o r  q u a n t i t a t i v e  P C R  
N a m e  P r i m e r /  P r o b e  D y e s  C o m p a n y  
S l i t 2  H s 0 0 1 9 11 9 3 _ m 1  F a m /  TA M R A  A p p l i e d  B i o s ys t e m s  
1 8 s  f w  A C A T C C  A A G  G A A G G C  A G C  A G   B i o t e z  
1 8 s  r e v  T T T  T C G  T C A C TA C C T C C C  C G   B i o t e z  
1 8 s  
p r o b e  
C G C  G C A A AT  TA C  C C A C T C  
C C G  A C  
F a m /  
TA M R A  B i o t e z  
G A P D H  
f w  C C A C T C  C T C  C A C  C T T  T G A C   B i o t e z  
G A P D H  
r e v  A C C  C T G  T T G  C T G  TA G  C C A   B i o t e z  
G A P D H  
p r o b e  
T T G  C C C  T C A A C G  A C C  A C T 
T T G  T C  
F a m /  
TA M R A  B i o t e z  
 
T a b l e  1 2 :  q R T - P C R  p r o g r a m  
P C R  p r o g r a m  f o r  g e n e  e x p r e s s i o n  a n a l ys i s  i n  c e l l  c u l t u r e  s ys t e m s  ( 7 5 0 0  














S t e p  Te m p e r a t u r e  T i m e  
1  9 5  ° C  2  m i n  
2  9 5  ° C  3  s e c  
3  6 0  ° C  2 0  s e c  
  4 0  C yc l e s  
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2.3 Protein-analyt ical  methods 
 
2.3.1 Preparation of cel l  extracts and t issue lysates 
 
Fo r  p r ep ara t io n  o f  p ro te i n  e x t r ac t s  f r om ce l l  cu l t u re s ,  ce l l s  wer e  g ro wn  
u n t i l  a  c on f l ue nc e  o f  70  % wa s  re ac he d .   
Ce l l s  wer e  e i t h e r  s c ra pe d  i n to  1 00- 50 0  µ l  R I PA  l ys i s  bu f f e r  ( 1 50  m M 
Na C l ,  50  m M T RI S  ( pH8) ,  0 .1  %  SDS,  1  %  NP- 40 ,  0 . 5  %  DOC,  p r o te ase  
i n h ib i t o r s  were  add ed  f r es h l y )  o r  co l l e c te d  b y  t r yps in iza t io n ,  was hed  
t w i ce  i n  PBS  an d  th en  RI PA  bu f f e r  wa s  a dd ed  o n  i ce .  Ce l l s  we re  l ys ed  
b y  s o n i ca t i on  ( 80  %/  10  s ec )  o r  b y  s he ar ing  t he  l ysa te s  w i t h  a  29G  
s y r ing e .  The  l ys a te  wa s  in cu ba t ed  on  i ce  f o r  2 0  m in  an d  c en t r i f ug ed  
( 15  m in /  15 00 0  rpm/  4  ° C) .  T he  su pe rna t an t  wa s  t r a ns f e r red  t o  a  ne w 
r eac t i on  t ub e  an d  s to r ed  a t  -8 0  ° C  i f  no t  us ed  imme d ia t e ly .   
Fo r  t i ss ue  e x t r ac t s  (e .g .  xen og ra f t  t umor s ) ,  a  sma l l  amo un t  o f  t i ssue  
wa s  p r ep are d  o n  d r y  i c e .  The  f r o zen  sam p le  wa s  a dde d  to  a  L ys ing  
Ma t r i x  D  t u be  ( MP  B iome d ica l s )  t og e th e r  w i t h  2 00  µ l  R IPA  l ys is  bu f f e r  
( 2 .3 .1 ) .  Th e  t i ss ue  wa s  hom og en i zed  u s ing  Fa s t -P rep -24  hom og en i ze r  
( 20  s ec /  4  M/S) .  Rem a in ing  p ie ces  o f  t i ssu e  wer e  r emo ve d  b y  p ip e t t i ng  
u p  an d  do wn  w i t h  a  2 9G  s y r ing e .  Th e  h om og en a te  wa s  t r ans f e r re d  t o  a  
n e w r ea c t i on  t u be  a n d  ce n t r i f ug ed  ( 15  m in /  1 50 00  r pm/  4  ° C) .  The  
s up ern a ta n t  wa s  co l l ec te d  a nd  s t o re d  a t  - 8 0  °C i f  no t  u sed  
imme d ia te l y .   
The  Lo wr y  p r o te in  ass a y  was  u se d  ac co r d ing  t o  m an u f ac tu r e r ’ s  
p ro to co l  ( DC  Pr o te i n  As sa y  I ns t r uc t i on  Ma n ua l ,  B io Ra d)  t o  d e te rm ine  
t o t a l  p r o te i n  co nc en t r a t io n  w i t h  BSA as  a  p r o te i n  s ta nd ard .  
 
2.3.2 Trichloroacetic  Acid (TCA) Precipi tat ion of 
Proteins 
 
Fo r  p rec i p i t a t io n  o f  p ro t e i ns  f r om  c e l l  c u l t u r e  s up ern a tan t s ,  1 x10 6  ce l l s  
we r e  see de d  i n  a  10  cm  d i sh  f o r  2 4  h  i n  me d ium  ( 10  %  FBS/  P+ S/  G lu ) .  
The  me d ia  wa s  d isc a rd ed  a nd  t h e  c e l l s  we re  wa s he d  t w i c e  w i t h  PBS.  
F res h  m ed ia  w i t hou t  F BS  wa s  a dd ed  a n d  t he  ce l l s  we re  i n cu ba te d  f o r  
a no t he r  48  h .  A f t e r  t h i s  pe r i od ,  t h e  s up ern a ta n t  wa s  c o l l ec t ed  a nd  
c en t r i f ug ed  (5  m in /  15 00  r pm/  4  °C)  t o  r emo ve  ce l l  d e b r i s .  Th e  
s up ern a ta n t  was  m ixe d  w i t h  h a l f  t he  vo lume  o f  T CA-s o lu t i o n  ( f i na l  TCA 
c on ce n t ra t io n ,  21  %)  i n  a  15  m l  f a l c on  t u be .  Th e  m ix tu re  wa s  p la ce d  in  
a n  o ve rh ea d  r o ta to r  f o r  un i f o rm  p r o te i n  p r ec ip i t a t io n  a t  4  °C  f o r  2 4  h .  
The  s up ern a ta n t  wa s  t he n  ce n t r i f ug ed  ( Swing ing  b uck e t  r o t o r /  10  m in /  
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4 00 0  rpm/  4  °C) .  Th e  s up ern a tan t  was  d i sc a rd ed  a nd  t he  pe l le t  wa sh ed  
w i t h  1  m l  ac e to ne  f o l l o wed  b y  a no th e r  c en t r i f ug a t io n  s t ep  (1 0  m in /  
5 00 0  rpm/  4  ° C) .  Th e  pe l le t  wa s  a l lowe d  to  d r y  a nd  red i ss o l ve d  in  5 0-
1 00  µ l  T CA  bu f f e r  ( 50  m M T r i s  p H  8 .0 ,  10 0  m M DTT ,  2  %  SDS,  1 0  % 
g l yc e ro l ) .  
 
2.3.3 Sodium Dodecyl  Sulfate-Polyacrylamide Gel  
Electrophoresis (SDS-PAGE) 
 
Fo r  t he  se par a t io n  o f  p ro te i ns  f r om  ce l l  l ys a tes  o r  t i ssue  e x t rac t s ,  t h e  
d i sc on t in uo us  g e l  e l ec t r op hor es is  u nd er  de na t u r ing  c on d i t i on s  was  
u se d  as  f i r s t  de sc r ib ed  b y  L a emml i  [ 24 8 ] .  Ac cor d ing  t o  t h e  p ro t e in  s i ze ,  
g e ls  w i t h  5 - 10  %  Ac r y l am id e /  B isa c r y lam ide  we re  us ed .  P ro t e i n  l ysa t es  
we r e  ad j us te d  t o  eq ua l  c onc en t r a t io n  o f  t o t a l  p ro t e in  a nd  m ixe d  w i t h  5 x  
SDS- PAA- lo ad ing  b u f f e r  ( 6 2 .5  m M T r i s HC l ,  2 0  %  G lyce ro l ,  2  %  SDS,  
5  %  β - Me rca p to e th an o l ,  pH  6 . 8 ) .  Samp les  we re  h ea t ed  f o r  5  m in  
( 100  °C) ,  k e p t  on  i c e  f o r  1 0  s ec .  and  l o ad ed  i n to  t h e  g e l  we l l s .  Fo r  
l a t e r  es t ima t es  o f  mo lec u la r  s i ze  a  p re -s ta i ne d  p r o te i n  mark e r  wa s  a lso  
l o ad ed  (Thermo  F is he r  Sc ien t i f i c ) .  SDS- PAGE wa s  pe r fo rmed  w i t h  t h e  
Min i - PROTEAN®  Te t r a  Ce l l  ( B io Ra d)  a cco r d ing  t o  t he  ma nu f ac t u re r ’ s  
i n s t ru c t i on s .  A f t e r  t h e  se par a t i on ,  t h e  g e l  wa s  e i t h e r  s ta i ne d  w i t h  
Co omas s ie  o r  f u r t he r  an a l yzed  b y  immu no b lo t t i ng .  
 
2.3.4 Immunoblott ing 
 
Fo r  sp ec i f i c  p r o te in  de te c t io n  an  immu no b lo t  a na l ys is  wa s  pe r f o rmed .  
The  p r o te i ns  se para t ed  d u r ing  SDS- PAG E we re  t h e re f o re  t r a ns f e r re d  t o  
a  n i t r o ce l lu l os e  mem bra ne  v i a  a  we t  e l ec t r o -b l o t t i ng  sys tem  ( B io Rad)  
a cc o rd ing  t o  t h e  ma nu f ac t u re r ’ s  p r o toc o l  (P r o te i n  B lo t t i ng  Gu ide ,  
B io Ra d) .  Uns pec i f i c  b in d ing  wa s  b lock e d  w i t h  b lo ck ing  bu f f e r  (PBS,  
5  %  d r y  m i l k ,  0 .1  %  TW EEN-2 0)  f o r  3 0  m in  a t  RT .  Immo b i l i ze d  p r o te i ns  
we r e  de t ec t ed  w i t h  s pec i f i c  an t i bo d ies  d i l u te d  i n  b l ock i ng  bu f f e r  f o r  1  h  
3 0  m in  a t  RT  o r  ove rn ig h t  a t  4  °C .  The  membr an e  was  wa s he d  th r ee  
t ime s  w i t h  was h ing  b u f f e r  (PBS,  0 . 1  %  TW EEN-2 0)  a nd  i n cu ba t ed  w i t h  
t h e  sec on dar y  a n t ib od y  c on j ug a te d  t o  h o rs e  ra d is h  p e ro x id ase  ( HRP)  
e n zyme  i n  b l ock ing  bu f f e r  f o r  3 0  m in  t o  1  h  a t  RT .  F i na l l y ,  t he  
mem bra ne  wa s  wa sh ed  ag a in  a nd  i n cu ba t ed  w i t h  ECL  s o lu t io n  f o r  
c hem i lum ines ce n t  p ro t e in  de t ec t ion  f o r  3  m in .  Chem i l um ine sce nce  
s ig n a ls  were  de te c te d  w i t h  CAW O MAT  2 000  I R  a u tom at i c  f i lm  
d oc ume nta t io n  s ys tem ( CAW O Pho t och em isc he s  W erk ) .  
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2.4 Cel l  biological methods and in vi t ro  assays 
 
2.4.1 General  cel l  culture 
 
Ge ner a l  ce l l  c u l t u re  wo rk  was  pe r f o rme d  u nd er  s te r i l e  c on d i t i on s  u nder  
a  c l ea n  be nc h  us ing  s te r i l e  d i sp os ab le  p la s t i c  wa re .  Fo r  ce l l  c u l t u re  
o n l y  s te r i l e ,  d i s posa b le  co ns umab les  we r e  u se d .  Uns t e r i l e  cu l t u re  wa re  
wa s  s t e r i l i zed  be fo re  us ag e .  Ce l l s  we r e  cu l t i va te d  in  a n  in cu ba t o r  a t  
3 7  ° C ,  5  %  CO 2  an d  > 95  %  a i r  hum id i t y  u n t i l  a  c on f lu en ce  o f  a bo u t  
7 0  %  wa s  re ac he d .  S ta nd ard  cu l t u re  me d ium  co n ta in ed  1 0  %  FBS  and  
0 . 05  µg /m l  pe n i c i l l i n - s t re p tom yc in  ( comp le te  m ed ium)  u n le ss  o th e r w i se  
s t a te d .  Con f l ue n t  ce l l s  were  wa sh ed  tw i c e  w i t h  PBS  an d  d e ta ch ed  w i t h  
t r yps in .  T r yp s in  re ac t i on  wa s  s to ppe d  w i t h  me d ium  co n ta i n ing  10  % 
FBS  o r  s o ybe an  t r yp s in  in h ib i t o r  ( I nv i t r og en) .  Ce l l s  we re  ce n t r i f ug ed  
( 5  m in /  10 00- 15 00  r pm/  RT )  a nd  wash ed  t w i ce  w i t h  PBS  be f o re  t h e y  
we r e  re se ed ed  i n  f r esh  cu l t u re  war e .  Ce l l s  i n  c u l t u re  we r e  re p laced  
f r eq uen t l y  b y  a  s t ock  o f  f r o ze n  ce l l s  and  t e s te d  pe r i od i ca l l y  f o r  
m yco p lasm a.  A l iq uo t s  f r om ear l y  pa ss ag es  o f  n e w ly  acq u i re d  c e l l s  o r  
t r a ns f ec t an t s  we re  p rep are d  f o r  l ong  te rm  s to r ag e .  Ther eb y ,  1 x1 0 6  ce l l s  
we r e  m ixe d  w i t h  50 0  µ l  o f  c r yo - co nse r va t i on  me d ium  (9 0  %  FBS,  10  % 
DMSO) ,  s l o w l y  f r e e zed  i n  a  pa dd ed  e n ve lop e  a t  m in us  80  °C  and  
t r a ns f e r re d  t o  a  con t a in e r  w i t h  l i q u i d  o xyg e n  f o r  l o ng - te rm  s t o rag e .   
Fo r  ce l l  n umber  de t e rm in a t ion ,  c e l l s  we re  s t a i ne d  w i t h  T r yp an  b l ue ,  
d i l u te d  a nd  ap p l ied  t o  a  Ne ub au er  co un t i ng  ch amb er .  Ce l l s  i n  a l l  f ou r  
sq u are s  were  co un te d  a nd  ce l l  n umb er  wa s  ca l cu la t ed .  
 
2.4.2 Transfection of  MiaPaCa and Panc1 human 
pancreatic cancer cel ls  with the inducible Sl i t2-
vector system 
 
Fo r  in duc ib le  e xp re ss ion ,  f u l l - l e ng th  S l i t 2 - c DNA ( Hs . 298 02 ;  imaG en es ,  
Ber l i n ,  G erma n y)  wa s  c lo ne d  in t o  p cDNA4/TO-3 x f lag -myc HI S  (T -Re x T M ;  
I n v i t r og e n ,  Car l sba d ,  CA,  USA) ,  r es u l t i ng  in  pc DNA4/TO-SP-3 x f l ag -
S l i t 2 -m yc H is  as  des c r ib ed  in  2 .2 . 1  (F ig u re  3 A,  B ) .  M ia PaCa  an d  Pan c1  
c e l l  c lo ne s  t r a ns f ec te d  w i t h  p cDNA6/  TR  ha d  p re v io us l y  be en  
e s ta b l i sh ed  a nd  k in d l y  p ro v i d ed  b y  D r .  Pe t r a  Sch u l z  (p l ea se  r e f e r  t o  
2 . 1 .7 )  [ 10 0 ,  2 44 ] .   
The  e xp r ess ion  cap ac i t y  a f t e r  do xyc yc l i ne  adm in i s t ra t i on  wa s  t es t ed  f o r  
e ac h  c lon e .  Th e  c l on es  were  t h e re f o re  t r an s ie n t l y  t r a ns f ec t ed  w i t h  
 
Ma t e r ia l s  an d  met ho ds  5 1  
p c DNA4/TO-L uc  ( I n v i t r og e n)  us ing  E f f ec te ne  t r a ns fe c t io n  r eag en t  
(Q iag e n)  ac co r d ing  t o  t he  m an u f ac tu re r ’ s  p ro to co l .  Th e  t r a ns f ec t io n  
w i t h  p cDNA4/TO-L uc  vec t o r  wo u ld  n o rma l l y  l ea d  t o  a  c ons tan t  
e xp r ess ion  o f  t he  f i r e f l y  l uc i f e ras e  en zym e bu t  i f  co - t r a ns f ec t ed  w i t h  
p c DNA6/  TR,  t h e  e xp r ess ion  i s  r ep re ss ed  t h r oug h  b i nd ing  o f  t he  Te t  
r ep r ess o r  t o  t he  Te tO 2  s i t es  i n  t h e  p rom ote r  r eg ion  o f  pc DNA4/TO-Luc .  
I n  o rd e r  t o  in du ce  t h e  e xp r ess ion  o f  l u c i f e rase  i n  t he  ce l l s ,  t h e y  were  
i n cu ba t ed  f o r  4 8  h  w i t h  1  µg /m l  Do xyc yc l i ne  ( t e t r ac yc l in e  a na log u e) ,  
wh i c h  p r e ven t s  t he  b i nd ing  o f  t h e  Te t  r ep r ess o r  t o  t he  Te tO 2  s i t es  and  
t h e re f o re  r e le ase s  i t s  b reak s  o n  t h e  exp re ss io n  o f  t h e  luc i f e ra se  g ene .  
Ce l l  l ys i s  an d  s ub seq u en t  me asur ement  o f  l uc i f e ras e  ac t i v i t y  wa s  d one  
w i t h  a  r ep or te r  assa y  s ys tem  a cc ord ing  t o  t he  ma nu f ac tu re r ’ s  p ro t oco l  
( P rom eg a) .  Bo t h ,  M ia Pa Ca T R  a nd  Pa nc 1 T R  c l on es ,  s ho we d  s u f f i c ien t  
l u c i f e rase  g e ne  exp re ss io n  a nd  a  co nc om i tan t  l o w b as a l  e xp r ess ion  
( da ta  no t  sh o wn) .  
Bo t h  c l on es  we re  f u r t he r  u se d  f o r  s t ab le  t r an s f ec t i on  w i t h  p cDNA4/TO-
SP- 3 x f lag - S l i t 2 -m yc H is  us ing  E f f ec t en e  (Q iag en ,  H i ld en ,  Germ an y)  and  
s ub seq uen t  s e lec t io n  o f  c e l l  c l on es  w i t h  5 00  µg /m l  Zeo c in .  I n  a  p i l o t  
s e t  o f  e xpe r im en ts  o ne  Mia PaCa T R - S l i t 2  c l on e  w i t h  in du c ib l e  S l i t 2  
e xp r ess ion  wa s  g en era t ed  w i t h  t e ch n i c a l  su ppo r t  f r om M.  W e lze l ,  t o  
o b ta i n  p ro o f  o f  p r in c ip l e  f o r  t he  f eas ib i l i t y  o f  t he  p l an ne d  e xper im en ts  
o f  t h i s  t hes i s .  I n  o rd e r  t o  e xc lude  c l on e  s pe c i f i c  e f f ec t s ,  f u r t he r  
M ia Pa Ca T R - S l i t 2  and  a ls o  Pan c1 T R - S l i t 2  c l on es  wer e  g en era t ed  and  
c har ac t e r i ze d  in  t he  co urs e  o f  t h i s  t he s is .  S l i t 2  e xp r ess io n  wa s  i nd uc ed  
v i a  ad d i t i o n  o f  1  µg /m l  d o xyc yc l i ne  (F ig u r e  3 C) .  Veh ic le  t r ea t ed  c e l l s  
s e r ved  as  co n t ro l  c e l l s  i n  imm un ob lo t s ,  ce l l  cu l t u r e  assa ys  an d  i n  v i vo  
e xp er ime n ts .  M ia Pa Ca T R - S l i t 2  a nd  Pan c1 T R - S l i t 2  c lo nes ,  w i t h  su f f i c ien t  
S l i t  e xp re ss io n  an d  a  c on com i ta n t  l o w b a sa l  e xp res s io n  (d a ta  no t  
s ho wn )  were  se le c te d  f o r  e xper ime n ta l  a ss a ys .  
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F i g u r e  3 :  T e t r a c y c l i n e - i n d u c i b l e  v e c t o r  s y s t e m  f o r  i n d u c i b l e  e x p r e s s i o n  
o f  S l i t 2  i n  M i a P a C a  a n d  P a n c 1  h u m a n  p a n c r e a t i c  c a n c e r  c e l l s  
( A,  B )  T h e  i n d u c i b l e  e x p r e s s i o n  s ys t e m  i s  b a s e d  o n  t h e  s e q u e n t i a l  
t r a n s f e c t i o n  o f  c e l l s  w i t h  t h e  r e g u l a t o r y  p l a s m i d  p c D N A 6 / T R  ( A )  a n d  t h e  
v e c t o r  p c D N A 4 / TO - S P - 3 x F L A G - S l i t 2 - m yc H i s  ( B ) ,  w h i c h  c o n t a i n s  t h e  S l i t 2  
g e n e .  T h e  r e g u l a t o r y  p l a s m i d  p c D N A 6 / T R  c o d e s  f o r  t h e  Te t - R e p r e s s o r  ( Te t R )  
t h a t  b i n d s  t o  t h e  2 x Te t O 2  e l e m e n t  w i t h i n  t h e  p r o m o t e r  r e g i o n  o f  t h e  
p c D N A 4 / TO - m yc H i s  v e c t o r.  ( C )  A f t e r  s e q u e n t i a l  t r a n s f e c t i o n  w i t h  b o t h  
p l a s m i d s ,  i n d i v i d u a l  c l o n e s  a r e  s e l e c t e d  a n d  t e s t e d  f o r  h i g h  p r o t e i n  
e x p r e s s i o n  a n d  l o w  b a s a l  e x p r e s s i o n .  A d m i n i s t r a t i o n  o f  d o x yc yc l i n e  a  s t a b l e  
t e t r a c yc l i n e  a n a l o g u e  t o  t h e  c e l l  c u l t u r e  m e d i a  c a u s e s  a l l o s t e r i c  m o d i f i c a t i o n  
w i t h i n  t h e  Te t R  p r o t e i n ,  p r e v e n t i n g  i t s  b i n d i n g  t o  t h e  p r o m o t e r,  a n d  t h e r e b y  
i n i t i a t i n g  g e n e  e x p r e s s i o n  [ 2 4 9 ,  2 5 0 ] .  U n d e r  d o x yc yc l i n e - f r e e  c o n d i t i o n s ,  t h e  
Te t R  e x p r e s s e d  f r o m  p c D N A 6  g e n e  b i n d s  t o  t h e  p r o m o t e r  r e g i o n  i n  
p c D N A 4 / TO - m yc H i s ,  t h e r e b y  p r e v e n t i n g  e x p r e s s i o n  o f  t h e  t a r g e t  g e n e  o f  
i n t e r e s t .   
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2.4.3 Stable transfection of  murine Panc02 cancer 
cel ls with Sl i t2-vector 
 
Mu r i ne  Pan c0 2  ce l l s  wer e  t r ans f ec t ed  e xc lus i ve l y  w i t h  pc DNA4/TO-SP-
3 x f lag -S l i t 2 -m yc H is  u s i ng  j e t Pe i®  (Po l yP lus )  acco rd ing  t o  t h e  
ma nu f ac t u re r ’ s  p ro t oc o l .  I n d i v id ua l  c l on es  w i t h  h ig h  c on s t i t u t i ve  
e xp r ess ion  o f  S l i t 2  wer e  s e le c ted  a nd  e xp an de d  i n  m ed ium 
s up p leme n te d  w i t h  4 00  µg /m l  Zeo c in .  Fo r  us e  i n  v i vo ,  m i xed  
p op u la t i ons  o f  6  Mo ck -  an d  S l i t 2 - t r an s f ec te d  c lo ne s  e ac h  were  
g en era t ed .   
 
2.4.4 shRNA-mediated knockdown of  Robo1 in DANG 
cel ls 
 
Fo r  ass es sment  o f  Ro bo 1  f unc t i on  in  DANG  p an c re a t i c  ca nc er  c e l l s ,  
DANG  ce l l s  wer e  i nc ub a te d  w i t h  MI SSIO N® len t i v i r a l - t r an sd uc t io n  
p a r t i c l es  ( S ig ma-A ld r i ch )  f o r  sh RNA-me d ia t ed  Rob o1  k n ock d o wn,  an d  
n on- t a rg e t  co n t ro l  p a r t i c l es  wer e  us ed  a cc o rd ing  t o  t he  ma nu f ac t u re r  a t  
a  MOI  o f  10 .  S tab le  c lo ne s  were  s e le c ted  i n  p u romyc in -c on t a in ing  
me d ium  ( 0 .6  µg /ml )  an d  s ucc ess f u l  k no ck do wn  wa s  t es t ed  v ia  
immu no b lo t .  
 
2.4.5 Stable transfection of  HEK293 cel ls with 
soluble RoboN  
 
HEK2 93  c e l l s  were  s t ab l y  t r a ns f ec te d  w i t h  a  p la sm id  e n co d ing  HA-
tag g ed  Rob oN p r o v id ed  b y  Ja ne  W u (Nor t h wes t e rn  Un i ve rs i t y ,  I L ,  USA)  
a nd  as  p r e v io us l y  d es c r ib ed  [ 25 1 ] .  HEK29 3  were  t r a ns f ec t ed  us ing  
j e t Pe i®  ( Po l yP lus )  a cc o rd ing  t o  t h e  ma nu f ac t u re r ’ s  p r o toc o l ,  a nd  s ta b le  
c l on es  we re  se lec te d  an d  e xpa nd ed  i n  m ed ium  s up p lem en t ed  w i t h  
4 00  µg /m l  Ze oc in .  Rob oN- co n ta i n i ng  su per na t an t  f r om HEK29 3  ce l l s  
wa s  u se d  in  i n  v i t r o  a ssa ys  t o  f unc t io na l l y  i n h i b i t  S l i t 2 .  HEK29 3  c e l l s  
we r e  t he re f o re  s eed ed  i n  com p le te  me d ium  and  cu l t u red  f o r  24  h  i n  a n  
i n cu ba t o r .  A f t e r ward s ,  c e l l s  were  wa sh ed  t w i c e  w i t h  PBS  a nd  m ed ium 
c on t a in ing  no  FBS wa s  a d de d .  Sup er na ta n t  wa s  c o l lec te d  a f t e r  48  h  
f r om Ro bo N an d  Mo ck  t r a ns f ec te d  ce l l s  a nd  s ep ara t ed  f rom  c e l l  d eb r i s  
b y  c en t r i f ug a t i on .   
  
 
Ma t e r ia l s  an d  met ho ds  5 4  
T a b l e  1 3 :  O v e r v i e w  o f  s t a b l e  t r a n s f e c t a n t s :  
Ve c t o r  B a c k g r o u n
d  C e l l s  
Tr a n s f e c t a n t s  An n o t a t i o n  
Vec t o r  ( 1 )  
p c D N A 6 / T R   
M i a P a C a  
P a n c 1  
M i a P a C a T R  
P a n c 1 T R  
 
I n d u c i b l e  e x p r e s s i o n  
s ys t e m .  E x p r e s s i o n  o f  
S l i t 2  i s  u n d e r  t h e  
c o n t r o l  o f  t h e  Te t  
r e p r e s s o r.  S l i t 2  
e x p r e s s i o n  i s  i n d u c e d  
b y  a d m i n i s t r a t i o n  o f  
d o x yc yc l i n e .   
Ve h i c l e  t r e a t e d  c e l l s  
s e r v e d  a s  c o n t r o l s .  
Ve c t o r  ( 2 )  
p c D N A 4 / TO - S P -
3 x f l a g - S l i t 2 -
m yc H i s  
M i a P a C a T R  
P a n c 1 T R  
M i a P a C a T R - S l i t 2   
P a n c 1 T R - S l i t 2  
Ve c t o r  ( 2 )  
p c D N A 4 / TO - S P -
3 x f l a g - S l i t 2 N -
m yc H i s  
M i a P a C a T R  
P a n c 1 T R  
M i a P a C a T R - S l i t 2 N   
P a n c 1 T R - S l i t 2 N  
I n d u c i b l e  e x p r e s s i o n  
s ys t e m .  E x p r e s s i o n  o f  
S l i t 2 N  i s  u n d e r  t h e  
c o n t r o l  o f  t h e  Te t  
r e p r e s s o r.  S l i t 2  
e x p r e s s i o n  i s  i n d u c e d  
b y  a d m i n i s t r a t i o n  o f  
d o x yc yc l i n e .  
Ve h i c l e  t r e a t e d  c e l l s  
s e r v e d  a s  c o n t r o l s .  
p c D N A 4 / TO - S P -
3 x f l a g - S l i t 2 -
m yc H i s  
M i a P a C a  M i a P a C a S l i t 2  S t a b l e  e x p r e s s i o n  o f  
S l i t 2 .  M o c k  t r a n s f e c t e d  
c e l l s  s e r v e d  a s  
c o n t r o l s  
p c D N A 4 / TO - S P -
3 x f l a g - S l i t 2 -
m yc H i s  
P a n c 1  P a n c 1 S l i t 2  S t a b l e  e x p r e s s i o n  o f  
S l i t 2 .  M o c k  t r a n s f e c t e d  
c e l l s  s e r v e d  a s  
c o n t r o l s  
p c D N A 4 / TO - S P -
3 x f l a g - S l i t 2 -
m yc H i s  
P a n c 0 2  P a n c 0 2 S l i t 2  S t a b l e  e x p r e s s i o n  o f  
S l i t 2 .  M o c k  t r a n s f e c t e d  
c e l l s  s e r v e d  a s  
c o n t r o l s  
p S e c Ta g - R o b o N  
 
H E K 2 9 3  H E K 2 9 3 R o b o N  K i n d l y  p r o v i d e d  b y  J .  
Y.  W u  ( N o r t h w e s t e r n  
U n i v e r s i t y,  I L ,  U S A )  
[ 2 5 1 ] .  O v e r e x p r e s s i o n  
o f  H A - t a g g e d  R o b o N  
( e x t r a c e l l u l a r  d o m a i n  
o f  r a t  R o b o 1 ,  a a  1 -
7 1 8 ) .  C e l l s  w e r e  u s e d  
t o  g e n e r a t e  R o b o N -
e n r i c h e d  s u p e r n a t a n t  
p S e c Ta g  
 
H E K 2 9 3  H E K 2 9 3 M o c k N  K i n d l y  p r o v i d e d  b y  J .  
Y.  W u .  M o c k - c o n t r o l  
c e l l s  f o r  H E K 2 9 3 R o b o N  
M I S S I O N ®  
l e n t i v i r a l -
t r a n s d u c t i o n  
( R o b o 1  
Tr a n s d u c t i o n  
P a r t i c l e s )  
D A N G  D A N G R o b o 1 - K D  s h R N A - m e d i a t e d  
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Ve c t o r  B a c k g r o u n
d  C e l l s  
Tr a n s f e c t a n t s  An n o t a t i o n  
M I S S I O N ®  
l e n t i v i r a l -
t r a n s d u c t i o n  
( C o n t r o l  
T r a n s d u c t i o n  
P a r t i c l e s )  
D A N G  D A N G S c r  C o n t r o l  c e l l s  f o r  
D A N G R o b o 1 - K D  
 
2.4.6 Prol i feration assay 
 
Fo r  i n  v i t r o  p r o l i f e r a t i on  as sa y  1 x1 0 3  -  2 x10 4  ce l l s  ( d epe nd ing  o n  t he  
c e l l  l i ne )  we re  p la te d  in  24 - we l l - d i s hes  an d  c u l t u r ed  f o r  2 4 ,  48 ,  72  and  
9 6  h  ( do xyc yc l i ne -p re t re a te d ,  i f  ap p l i c ab le ) .  Ce l l  num bers  we re  c oun t ed  
a t  eac h  t im e  po in t  w i t h  a  Neu ba uer  c ou n t ing  ch amber  a s  de sc r i be d  in  
2 . 4 .1 .  Ea ch  e xp er ime n t  was  do ne  in  t r i p l i ca t es  and  r epe a te d  t h r ee  
t ime s .   
 
2.4.7 Wound heal ing assay 
 
I B ID I  s i l i co ne  c e l l  c u l t u r e  ins e r t s  were  us ed  f o r  wou nd  h ea l i ng  ass a y 
a nd  a pp l ie d  a s  a dv i s e d  b y  t h e  ma nu f ac tu r e r .  The  cu l t u r e  ins e r t s  were  
p l ac ed  i n  a  35  mm  we l l  o f  a  6 - we l l  p l a te ,  a nd  3 .5 x10 4  ce l l s  we re  ad ded  
p e r  c ham ber .  Ce l l s  we r e  in cu ba t ed  f o r  24  h  in  DMEM ( 10  %  FBS)  w i t h  
o r  w i t ho u t  1  µg /m l  d o xyc yc l in e  t o  i nd uc e  S l i t 2  e xp res s io n .  Ce l l s  we re  
wa s he d  t w i ce  w i t h  PBS  a nd  s e rum  s t a r ved  f o r  5  h .  Me d ia  wa s  ch ang ed  
to  DMEM (1  %  FBS)  an d  g a p  c lo su re  wa s  m on i t o re d  f o r  20  h  v i a  t ime-
l a ps e  m ic ro sco p y.  V ide os  wer e  a na l yze d  us ing  o pe n  s ou rce  TScra t ch  
s o f tware ® (ETH Zur i c h ,  Sw i t ze r la nd)  a s  d esc r i be d  [2 52 ] .   
 
2.4.8 Random migration assay 
 
Fo r  r an dom  m ig ra t io n  as sa ys  2 x1 0 4  ce l l s  wer e  s ee de d  pe r  we l l  i n  a  1 2-
we l l  p l a te  and  i ncu ba t ed  w i t h  o r  w i t h ou t  1  µg /m l  do xyc yc l in e  f o r  2 4  h .  
Ce l l s  were  t h en  se rum-s t a r ved  f o r  a no t he r  4  h .  Subseq u en t l y  me d ia  
wa s  ch ang e d  to  DMEM ( 1  %  FBS;  0 .1  %  BSA)  an d  ra nd om  m ig ra t ion  
wa s  m on i t o re d  v i a  t ime- la ps e  m ic rosc op y .  Ce l l  t r ack s  we r e  an a l yzed  
w i t h  W imTa x is®  so f t war e  (W I MASIS Gmb H;  Mu n ic h ,  Germa n y) .   
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2.4.9 Migration and invasion assays 
 
Fo r  m ig ra t i on  assa ys ,  2 x1 0 5  ce l l s / i n se r t  ( do xyc yc l ine - p re t r ea te d ,  i f  
a pp l i ca b le )  we re  p la ce d  i n  se r um- f ree  m ed ium in  t h e  upp er  ch amb er  o f  
8  µm-T ran s we l l s  (Cor n ing )  and  a l l owe d  t o  m ig ra te  f o r  8 -1 2  h  t o wa rds  
1  %  FBS  ( 2  %  FBS f o r  HUVEC)  a dd ed  t o  t h e  lo wer  ch amb er .  M ig r a ted  
c e l l s  were  s t a in ed  w i th  c r ys t a l - v i o l e t  o r  DAPI  an d  q ua n t i f i ed  by  
c ou n t ing  5  s t and ard i ze d  f i e lds  a t  1 00x  mag n i fica t i on  as  d es c r ib ed  [ 98 ,  
2 53 ] .   
Tumor  c e l l  m ig ra t io n  t o war ds  g ra d ie n t s  f r om  Sc h wa nn  ce l l s ,  c u l t u r ed  in  
t h e  l o wer  c ham ber  f o r  1 6  h  i n  DMEM (0 . 1  %  BSA) ,  an d  v i c e  ve rs a ,  was  
d e te rm ine d .  Ther e fo re ,  1 x1 0 5  c e l l s  we re  s ee de d  p e r  we l l  i n  a  2 4 - we l l  
p l a te  co n ta i n ing  g r o wt h  me d ia .  Me d ia  wa s  ch ang e d  t o  DMEM ( 0 .1  % 
FBS)  a nd  inc ub a ted  f o r  an o th e r  2 4  h  (a dm in is t r a t i on  o f  d o xyc yc l i ne ,  i f  
a pp l i ca b le ) .  M ig r a t io n  a ss a y  was  do ne  a s  d esc r i be d  a bo ve .   
Fo r  HUVEC c e l l  m ig r a t io n  t o war ds  g r ad ie n t s  f r om MiaPa Ca T R - S l i t 2  a nd  
Mia Pa Ca T R - S l i t 2 N ,  cu l t u re d  i n  t h e  l o we r  ch amber ,  8 x1 0 4  ce l l s  o f  t he  
r esp ec t i ve  Mia PaCa  c lo ne  we re  se ed ed  i n  g r o wt h  m ed ium.  S l i t 2  
e xp r ess ion  wa s  i nd uc ed  w i t h  d o xyc yc l i ne .  Veh i c le  t r e a te d  c e l l s  se r ved  
a s  c on t r o ls .  Me d ia  wa s  c ha ng ed  to  DMEM ( 0 . 1  %  FBS)  a nd  c e l l s  were  
c u l t i va t ed  f o r  a no th e r  24  h .  Fo r  HUVEC m ig ra t io n  2 x1 0 5  c e l l s  wer e  
a pp l i ed  t o  t r ans we l l  i n se r t s  c oa t ed  w i t h  3  %  c o l lag e n  a nd  a l lo we d  to  
m ig ra te  t o war ds  g ra d ie n t s  r e le as ed  f r om  th e  t um or  c e l l s  i n  t he  l o wer  
c ham ber  f o r  2 0  h .  
 
2.4.10 Lamell ipodia formation of endothel ial  cel ls 
 
Se r um-s ta r ve d  HUVEC we re  s t imu la t ed  w i t h  50  ng /m l  VEG F  on  
c o l lag e n-co a te d  c ove r - s l i d es  i n  S l i t 2 -  o r  Veh ic l e - c on d i t i o ne d  me d ium.  
A f t e r  1  h  c e l l s  we re  f i xe d  w i t h  7 0  %  e th an o l  an d  s ta i ne d  w i t h  α -
c o r t a c t i n ,  p ha l lo i d in -TRITC  a nd  DAPI .  Qu an t i f i c a t i on  o f  l am e l l i po d ia  
wa s  d on e  u s ing  Ax io V is i on®  ( Ze i ss )  a nd  Im ag eJ®  s o f tware  (N IH;  
Be t hes da ,  USA) .  
  
 
Ma t e r ia l s  an d  met ho ds  5 7  
2.4.11 Dorsal  root  gangl ion (DRG)-tumor cel l  co-
culture assay 
 
4 -5  we ek s  o l d  C5 7B l6  m ic e  ( Ch ar les  R i ve r )  we re  us ed  f o r  t h e  i s o l a t ion  
o f  DRGs.  Th e  s p in e  wa s  t o t a l l y  d i ss ec t ed  f r om  th e  mo us e  b od y  a nd  
f r eed  f r om  su r r oun d ing  t i s su e  as  be s t  as  po ss ib l e  (F ig u r e  19 ) .  T he  
s p in e  was  d i v id ed  i n  ha l f  w i t h  a  sc a lp e l  a nd  t he  s p in a l  c o rd  wa s  
r emo ved  to  e xpo se  t h e  ca v i t i es  c on ta i n ing  t he  DRGs.  T he  o ve r la y ing  
d o rs a l  l a ye r  was  rem o ved  w i t h  f o r cep s  u nd er  a  s t e re om ic r osc op e .  The  
DRG s  were  ca r e fu l l y  i so l a te d  w i t h  f o r ce ps  an d  p l ace d  in  a  6 - we l l  
c u l t u r e  d i sh  c on t a in i ng  PBS  ( 10  %  FBS/  0 . 05  μg /m l  Pen -S t r ep )  o n  i c e .  
Su bseq u en t  rem a in i ng  r oo t s  (d o rs a l  r o o t ,  ve n t ra l  r oo t ,  p os t e r io r  r oo t ) ,  
we r e  ca r e f u l l y  r emo ve d  f rom g a ng l i a .  Suc h  p re par ed  g ang l i a  wer e  
t r a ns f e r re d  t o  DMEM ( 1 0  %  FBS/  0 . 05  μg /m l  Pe n -S t r ep )  a nd  i n cu ba t ed  
o ve r n ig h t .   
Fo r  DRG- tum or  ce l l  c o -cu l t u re s ,  t he  DRG s  wer e  p lac ed  i n  1 2 - we l l  
c u l t u r e  p l a tes  i n  a  g ro wth - f ac t o r - re duc ed  Ma t r ig e l  d r op  ( 20  µ l ) .  Tum or  
c e l l s  ( 4 x1 0 4 )  were  p l ac ed  in  a  s ep ara te  Ma t r ig e l  d ro p  a t  1  mm  d i s ta nc e  
f r om t he  DRG.  Bo th  Ma t r ig e l  d r ops  ha rbo r i ng  DRG  o r  t um or  c e l l s  were  
c on ne c te d  w i t h  a  Ma t r ig e l  b r i dg e ,  a l l o w ing  ou tg ro wth  an d  e l ong a t i on  o f  
n eur i t es ,  an d  t umor  c e l l  m ig ra t i on  a lo ng  co n ta c ted  ne ur i t e s .  An  em pt y  
Ma t r ig e l  d ro p  a t  t he  o pp os i t e  s i t e  se rve d  as  co n t ro l  f o r  r and om  t umor  
c e l l  m ig ra t io n .  Co-c u l t u r es  we re  i nc ub a te d  i n  DMEM ( 10  %  FBS)  w i t h  
d o xyc yc l i ne  o r  ve h i c le .  Me d ium  was  re p lac ed  b y  m ed ium  c on t a in ing  
1  %  FBS  as  so on  as  n eur i t e  ou tg ro wth  o c cu r r ed .  T i le - scan  imag es  we r e  
t ak e n  e ve r y  da y  o f  c o - cu l t u r e .  Fo r  a ss essm ent  o f  n eu r a l  i n va s io n ,  t he  
a rea  c o ver ed  b y  t um or  c e l l s  wa s  q ua n t i f i e d  u s ing  Ax ioV i s io n  Re l .  4 .8  
So f t war e  (Ze iss  Mic r osc op y  Gm bH,  J en a ,  Germa n y) .  The  d ynam ic  
p roc ess  b y  wh ic h  c an cer  c e l l s  m ig ra te d  a long  ne ur i t e s  wa s  e va lua ted  
u s ing  t im e- la pse  imag ing  (L e i ca  DMI6 00 0- B)  i n  a  ch amb er  w i t h  c l ose d  
e n v i r onm ent  a t  3 7  ° C  an d  5  % CO2.  Imag e s  wer e  t ak en  o n  da ys  9 -1 5  
e ve r y  3 0  m in  f o r  up  t o  2 0  h  t o  f o l l o w c e l l  l oc omot io n .  Us ing  au t omated  
a cq u is i t i o n  so f t ware  ( Le ic a  LAS  AF60 00) ,  up  t o  2 0  i nd i v i d ua l  t umor  
c e l l s  we re  s imu l t a ne ou s l y  im ag ed  i n  e a ch  e xper ime n t .  T ra ve l  
d i s ta nce s ,  ve lo c i t y  a n d  d i r ec t nes s  we r e  c a lcu la te d  us i ng  Imag eJ®,  
Ma n u a l  T rack ing  p lug - in ,  an d  IB I D I  c hem ota x i s  s o f tware .  
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2.5 Xenograft tumor models 
 
2.5.1 Orthotopic mouse models of PDAC 
 
A l l  a n ima l  e xper ime n ts  we re  a ppro ve d  b y  l oc a l  au t ho r i t i es  an d  
g u id e l in es  f o r  p ro pe r  c on du c t  o f  an ima l  e xp er imen t s  were  f o l l o wed .  The  
l a bor a to r y  a n ima ls  we r e  h ou se d  in  t he  an ima l  f ac i l i t y  a t  t h e  Ma x 
De lb rück  Cen t e r  MDC un der  s ta nd ard ize d ,  ne ar l y  s t e r i l e  c on d i t i on s .  
 
2.5.2 Laboratory animals 
 
Fo r  t h e  o r t h o to p ic  xe nog ra f t  t umor  mo de l  6 - 8  week s  o l d  f ema le  SCID 
b e ig e  m ice  ( 20 - 24  g )  wer e  o b ta in ed  f r om  Ch ar les  R i ve r  La bor a to r i es  
( Su l z f e ld ,  Germa n y) .  The  Fo x  Cha se  SCI D  b e ig e  m ic e  a r e  de f i c ien t  f o r  
T -  an d  B-c e l l s  a nd  b ear  a n  imp a i re d  na t u ra l  k i l l e r  ( NK)  c e l l  
d e ve lo pment .  Th i s  immun od e f i c ie nc y  a l l o ws  t h e  eng ra f tme n t  o f  human 
p an c re a t i c  c an cer  c e l l s .  Fo r  t h e  s ub cu t an eo us  xe nog ra f t  t um or  mo de l  8  
we ek  o ld  NMRI  nu / nu  (a t h ym ic )  m ic e  wer e  o b ta i ne d  f r om  Tac on ic  
( Hu ds on ,  NY,  USA) .  The  a th ym ic  BomT ac : NMRI -Fo xn 1 n u  m ic e  h a ve  on l y  
f e w T -ce l l s  r es u l t i ng  in  a  re du ce d  r eac t i on  t o  T -ce l l  de pe nd en t  a n t ig ens  
a nd  a  com pe ns a to r y  i nc re as e  i n  NK c e l l s .  Fo r  t he  s yng e ne i c  t umor  
mo de l  w i t h  mu r i ne  Pa nc0 2  p an c re a t ic  c an cer  c e l l s ,  8  we ek  o ld  C5 7BL/6  
m ic e  we re  ob t a in ed  f r om  Char l es  R i ve r  L ab ora t o r ie s  (Su l z f e ld ,  
Germ an y) .   
 
2.5.3 Orthotopic pancreatic xenograft  mouse model 
 
Fo r  i n  v i v o  e xp er ime n ts  t h e  ea r l i es t  a va i la b le  p ass ag es  o f  
M ia Pa Ca T R - S l i t 2  o r  DANG R o b o 1 - K D / S c r  ce l l s  we re  e xpa nd ed  f o r  a pp l i c a t ion  
i n  v i v o .  A t  t he  d a y  o f  t h e  e xper ime n t  c e l l  d en s i t y  r ea ch ed  a  c on f lu en ce  
o f  70  %.  Ce l l s  were  wa sh ed  t w i c e  w i t h  PBS  an d  de t ac hed  w i t h  t r yps in .  
Ce l l  d e tac hme nt  wa s  obs er ved  w i t h  a  ce l l  cu l t u re  m ic r osc op e .  The  
t r yps in  re ac t io n  was  s to pp ed  w i t h  c omp le te  m ed ium  ( DMEM/  1 0  %  FBS/  
Pe n-S t r ep )  an d  c en t r i f ug ed  ( 5  m in /  1 50 0  rpm/  RT ) .  Sub seq u en t  ce l l s  
we r e  wa sh ed  t w i c e  w i t h  PBS  to  rem o ve  r es id ua l  FBS an d  ce l l  
c on ce n t ra t io n  wa s  d e te rm in ed .  1 0 6  M ia PaCa T R - S l i t 2  ce l l s  o r  
DANG R o b o 1 - K D / s c r  i n  5 00  µ l  PBS  were  a l iq uo t ed  pe r  1 .5  m l  r e ac t i on  t ube  
a nd  c en t r i f ug ed  ag a in  (5  m in /  11 00  r pm/  RT ) .  Th e  c e l l  a l i q u o t s  we re  
l e f t  o n  i ce  u n t i l  u sag e .  The  s u rg i ca l  i n t e r ven t i on  was  c a r r ie d  ou t  u nder  
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a  l am ina r  a i r f l o w c ab ine t  a nd  o n l y  s t e r i l e  ma t e r i a l s  we r e  us ed .  Fo r  
imp lan t a t i on ,  m i ce  we r e  a ne s th e t i zed  w i t h  a  m ix t u re  o f  1 00  µg /g  
k e tam in e  an d  10  µg /g  X y la z in e .  Th e  a ne s th e t i ze d  m ic e  we r e  f i xed  o n  
t h e  b ack  a nd  t he  ha i r  on  t he  ab dom en  wa s  r emo ved  w i t h  a  r a zo r .  The  
sk in  a t  t he  su rg i ca l  s i t e  wa s  d is i n f ec te d  a nd  a  1  cm  i nc is i on  wa s  made  
to  o pe n  t h e  ab dom en.  T he  s tom ac h  was  c a re f u l l y  p laced  
e x t ra per i t on ea l  t o  e xp os e  t h e  p anc r ea s .  Fo r  c e l l  i n j e c t io n  s up ern a ta n t  
we r e  d i sca r de d ,  t he  ce l l  pe l l e t  r e susp en de d  in  2 0  µ l  PBS  an d  in j ec t ed  
i n t o  t he  p anc r ea t i c  h e ad  w i t h  a  f i ne  ne ed le  ( 29G)  [ 98 ,  10 0 ] .  Su cc ess f u l  
imp lan t a t i on  was  ea s i l y  mon i t o re d  b y  t h e  f o rmat i on  o f  a  sm a l l  bub b le  in  
t h e  p anc r ea s .  A f t e r  7  ( M ia Pa Ca T R - S l i t 2 )  o r  3  ( DANG R o b o 1 - K D / S c r )  we ek s ,  
m ic e  were  sa c r i f i ce d ,  p r im ar y  t umors  ha r ve s te d ,  a nd  e n la rg e d  l ym ph  
n od es  a s  we l l  as  l i ve rs  c o l l ec t ed  f o r  h i s to l og y  [ 3 0 ,  3 1 ] .  The  m ese n te r y  
wa s  e xc ise d  a nd  met as t a t i c  n od u les  we r e  co un t ed  as  d es c r ib ed  [9 8 ] .  
A l l  e xc is ed  t i ss ue s  we re  c r yo -p res e r ve d  i n  l i q u id  n i t r og en  and  s t o re d  a t  
- 80  ° C  u n t i l  us ag e .  
Fo r  s yng en e ic  t um ors ,  2 x10 5  Pa nc 02 S l i t 2  o r  Pan c0 2 M o c k  c e l l s ,  
r esp ec t i ve l y ,  wer e  i n j ec t ed  in t o  t he  he ad  o f  t he  pa nc r eas  o f  8  week  o ld  
f ema le  C5 7 /B l - 6  m i c e .  Th e  p r oce dur e  f o r  p r ep ara t i on  a nd  imp lan t a t ion  
o f  t h e  t umor  c e l l s  we r e  t he  s ame as  f o r  t he  xe nog ra f t  mo de l .  M i ce  were  
s ac r i f i c ed  on  da y  1 3  and  p r imar y  t umor s  a s  we l l  as  me t as t a t i c  s p re ad  
i n  t he  a bd om in a l  ca v i t y  were  e va lua te d .  Fo r  q uan t i t a t i ve  ass es sment  o f  
me se n te r i c  me t as ta s is ,  m e ta s ta t i c  n od u le s  wer e  c ou n ted .  Add i t i on a l l y ,  
t h e  mes en t e r y  wa s  ca r e f u l l y  e xc is ed  a nd  me se n te r i c  we ig h t  wa s  
d e te rm ine d ,  b ased  on  t he  ob serva t io n  t h a t  mese n te r i c  we ig h t  
c o r re l a te s  w i t h  me se n te r i c  m e ta s tas i s  in  t h i s  mo de l .  I nc id en ce  o f  
a sc i t e s  was  r ec o rde d .   
 
2.5.4 Subcutaneous DANG tumor model 
 
Fema le  NMRI n u / n u  m ic e  ( 20 - 24  g )  we re  f r om Ch ar le s  R i ve r  La bor a to r ies  
( Su l z f e ld ,  Germa ny) .  8 x1 0 6  DANG R o b o 1 - K D  an d  r es pec t i ve  sc ram b led  
c on t r o l  DANG ce l l s  wer e  m ixe d  w i t h  15 0  µ l  g ro wth - f ac to r - r ed uc ed  
Ma t r ig e l®  (BD  Ph arm ing e n)  an d  i n j e c te d  s ubc u ta ne ou s l y  i n t o  t he  do r sa l  
f l a nk  o f  m ic e .  Fo r  s eq ue s t ra t io n  o f  e nd og en ou s  S l i t 2  re le as ed  b y  DANG 
c e l l s ,  Rob o1- Fc  (45  µg /m l )  o r  ve h ic le  wa s  ad de d  t o  t h e  t umor  c e l l -
Ma t r ig e l  m i x t u re  p r io r  t o  imp lan ta t i on .  M i c e  wer e  s ac r i f i c ed  a f t e r  10  
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2.6 Immunohistochemical  analysis 
 
2.6.1 Preparation of cryosections 
 
C r yopr ese r ve d  mate r i a l  was  embe dd ed  i n  T is su e  TEK  O .C .T  Com po und  
to  p r o v id e  a  ma t r i x  f o r  o r i en t a t ion  a nd  s ta b i l i za t io n .  F rom  t he  
em be dd ed  t i ss ue  5  t o  10  µm  f ro ze n  se c t io ns  we re  p r ep ar ed  w i t h  a  c r yo -
m ic r o tome  an d  s eq ue n t ia l  s ec t i ons  we r e  mo un t ed  on  a  m ic ros co pe  
s l i de .  The  s l i de s  we re  s t o re d  a t  - 80  °C .  
 
2.6.2 Immunohistochemical  staining of  frozen 
sections 
 
C r yo -se c t io ns  wer e  f i xed  i n  PFA  ( 4  % i n  PBS)  an d  was he d  th r ee  t imes  
f o r  5  m in  f o l l o we d  b y  a  b l ock i ng  s te p  w i t h  H 2 O 2  (0 . 3  %  i n  PBS)  f o r  
1 0  m in  t o  re du ce  b ack g rou nd  s ta in i ng  r es u l t i ng  f r om  e nd og en ous  
p e ro x id ase s .  Ce l l s  we r e  p e rme ab i l i zed  w i t h  T r i t on  X  (0 .1  %  i n  PBS)  f o r  
3 0  m in  f o l l o wed  b y  a no t he r  was h ing  s te p  w i t h  PBS.  Th e  t i s sue  sec t i ons  
we r e  t h en  i nc ub a ted  w i t h  t h e  p r im ar y  a n t ib od y  ( in  0 .3  %  T r i t on  X /  PBS)  
a nd  wa sh ed  ag a in  b e f o re  t h e  b io t in y l a t ed  s ec on dar y  a n t ib od y  wa s  
a pp l i ed  ( f o r  f u r t he r  in f o rmat io n  on  t he  a n t ib od ie s  p l e as e  r e f e r  t o  
c ha p te r  2 . 1 .5 ) .  Immu no per o x id as e-s t a in i ng  was  p e r f o rmed  us ing  
Vec t as t a in - E l i t e - ABC k i t  an d  AEC a s  s ub s t ra t e  c h romog e n  ( Ve c to r  
L ab ora t o r ie s ,  W er th e im-Be t t ing e n ,  Germ an y)  ac co rd ing  t o  t he  
ma nu f ac t u re r ’ s  p r o to co l .  Nuc le i  wer e  co un t e rs t a ine d  w i t h  hemat o xy l in  
a nd  e os in  ( HE)  s t a in i ng  so lu t i on .  Th ere a f t e r ,  t h e  s e c t i on s  were  
mo un t ed  w i t h  Ka ise r ’ s  g l yce r o l  g e la t i n e  a nd  c a re f u l l y  s ea led  w i t h  a  
c o ve r  s l i p .  
 
2.6.3 Vessel  density 
 
I n  o r de r  t o  q ua n t i f y  d i f f e re nce s  i n  t umor  a ng iog en es is  f r om  xenog ra f t  
t um ors ,  t he  a ve r age  num ber  o f  CD31- pos i t i ve  vess e ls  wa s  de t e rm in ed  
f rom t h re e  r eg ion s  o f  ma x im a l  va sc u la r  de ns i t y  a t  20 0x  mag n i f i c a t ion  
a s  d esc r i be d  [ 2 54 ] .  
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2.7 Patient samples 
 
Pancrea t i c  cancer  spec imens   
T i ssue  samp les  we re  f r om PDAC pa t i en t s  unde rgo ing  su rge ry  a t  
Cha r i t é -Un i ve r s i t ä t smed i z i n  f r om  1996 -2013 .  Pa t i en ts  gave  w r i t t en  
i n f o rmed  consen t .  Da ta  on  TNM c l ass i f i ca t i on  and  t umor  i n f i l t r a t i on  o f  
l ymph  no des  we re  re t r i eved  f r om pa tho logy  repo r t s .  
 
T a b l e  1 4 :  P a t i e n t s  b a s e l i n e  c h a r a c t e r i s t i c s  
P a r a m e t e r s  P D A C  
S e x  ( f e m a l e / m a l e )  9 / 1 9  
A g e ,  m e d i a n  ( r a n g e )  6 4  ( 4 1 - 8 2 )  
T N M - s t a g e :  
 S t a g e  I  
 S t a g e  I I  ( A / B )  
 S t a g e  I I I  ( A / B )  




2 1  
4  
G r a d i n g  
 G 1  
 G 2  
 G 3  
 
1  





2.8 Stat ist ical analysis 
 
Da ta  a re  p resen ted  as  Means±SEM,  un l ess  i nd i ca ted  o the rw i se .  
S ta t i s t i ca l  s i gn i f i cance  was  de te rm ined  by  t - t es t /Anova  and  F i she r ’ s  
exac t  t es t  us i ng  GraphPad® P r i sm  (San -D iego ,  CA) .  ( * )  P<0 .05  va lues  
we re  cons ide red  s i gn i f i can t .  ROC (Rece i ve r  Ope ra t i ng  Cha rac te r i s t i c )  
cu r ves  we re  ca l cu l a ted  us i ng  GraphPad® P r i sm  (San -D iego ,  CA) .  
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3. Results 
 
3.1 Expression analysis of  Sl i t2 and i ts  receptors 
Robo1 and Robo4 
 
Expr es s ion  o f  S l i t s  an d  t he i r  Ro bo  r ece p to r s  i s  t i g h t l y  c o n t ro l l ed  in  
ma n y  p h ys io log ica l  p r oce ss es  du r i ng  embr yog en es is  a nd  ad u l t ho od .  
Ch ang es  i n  t h e  exp re ss io n  o f  S l i t  a nd  Rob o  oc cur  in  a  va r ie t y  o f  
d i se ase s  i nc lu d ing  c an cer .  Ava i lab le  da t a  ho we ver  sug g es t  t h a t  
a l t e ra t i ons  o f  S l i t 2  a nd  Rob o  e xp re ss ion  i n  ca nc er  oc cu r  i n  a  t umor -
t ype  d ep en den t  man ner  w i t h  S l i t 2  e xp r ess ion  be ing  i nc re as ed  i n  some 
tum ors  a nd  red uc ed  o r  l o s t  i n  o t he r  t um or  en t i t i e s .  To  d a te ,  S l i t 2  and  
Ro bo  e xp r es s ion  i n  PDAC h as  n o t  ye t  b ee n  d e l in ea t ed .   
 
3.1.1 Differential  expression of  the Sl i t  receptors 
Robo1 and Robo4 in human PDAC 
 
I n  o rd e r  t o  d e te rm in e  t h e  r e le va nce  o f  t h e  S l i t 2 - Ro bo  s ys t em i n  PDAC,  
we  f i r s t  as ses se d  t h e  e xp r ess ion  o f  t h e  l i g an d ,  S l i t 2 ,  a nd  i t s  Robo  
r ece p to r s  in  a  pa ne l  o f  huma n  c l i n i ca l  s pe c imen s  o f  PDAC an d  
r esp ec t i ve  h ea l t hy  c o n t ro l  t i ssu es  ob t a in ed  f r om p a t ie n t s  who  
u nd er we n t  su rg e r y  d ue  t o  d uc t a l  ad eno car c in oma o f  t he  p an c re as .   
U t i l i z i ng  immun oh is t oc hem is t r y ,  we  l o ca l i zed  t h e  e xp re ss ion  o f  t he  
S l i t 2  re ce p to r  Ro bo 1  in  duc t a l  e p i t he l i a l  c e l l s  o f  he a l t hy  p a nc r eas  and  
p an c re a t i c  ca nc er  t i s su es  ( F ig u re  4 A,  B ) .  By  com par i so n ,  we  f ou nd  th a t  
Ro bo 4  was  a lmo s t  e xc l us i ve l y  e xpr ess ed  i n  t h e  pa nc re a t i c  va scu la tu re  
a nd  t um or  ves se ls ,  wh i ch  i s  i n  a cco rda nc e  w i t h  p r e v io us  re por t s  o f  
Ro bo 4  e xp re ss io n  p r im ar i l y  b y  en do th e l ia l  c e l l s  (F ig u re  4 D,  E)  [ 1 98 ,  
2 00 ] .  I n  ad d i t i on ,  a  mor e  de t a i le d  immu no h i s to ch emica l  ana l ys is  o f  
s e r ia l  c r yo -s ec t i ons  s ta in ed  w i t h  an t ib od ies  ag a ins t  Rob o1 ,  Ro bo 4  a nd  
t h e  n eur on a l  m ark e r  S10 0 ,  r e vea led  e xp res s io n  o f  Ro bo 1 ,  bu t  no t  
Ro bo 4  in  pa nc r ea t i c  n e r ves  ( F ig u r e  4 C- H) .  He nce ,  we  i d e n t i f i ed  
f unc t i on a l l y  d i s t in c t  com par tm en ts  w i t h i n  t he  pa nc re as  an d  PDAC tha t  
e xp r ess  Rob o  r ece p to r s  a nd  t h us  h a ve  t h e  c ap ac i t y  t o  re sp on d  to  
s ec r e te d  S l i t 2  l i g an ds .  
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F i g u r e  4 :  D i f f e r e n t i a l  e x p r e s s i o n  o f  R o b o 1  a n d  R o b o 4  i n  t h e  t u m o r  c e l l ,  
v a s c u l a r  a n d  n e u r o n a l  c o m p a r t m e n t s  o f  h u m a n  P D AC  
( A- F )  R e p r e s e n t a t i ve  I m m u n o h i s t o c h e m i c a l  s t a i n i n g  f o r  t h e  S l i t 2  r e c e p t o r s  
R o b o 1  ( A ,  B ,  a n d  C )  a n d  R o b o 4  ( D ,  E ,  a n d  F )  o n  c r yo s e c t i o n s  o f  c l i n i c a l  
s p e c i m e n s  f r o m  n o n - t r a n s f o r m e d  p a n c r e a t i c  t i s s u e  ( A ,  D )  a n d  P D A C  ( B ,  E ) ,  
a n d  i n t r a p a n c r e a t i c  n e r v e s  ( C ,  F ) .  ( G - H )  I m m u n o h i s t o c h e m i c a l  s t a i n i n g  f o r  
t h e  n e u r a l  m a r k e r  S 1 0 0  ( G )  a n d  H E- c o u n t e r s t a i n i n g  ( H ) .  A r r o w s  d e p i c t  
R o b o 1  s t a i n i n g  i n  d u c t  e p i t h e l i a l  c e l l s  a n d  i n t r a p a n c r e a t i c  n e r v e s ,  
a r r o w h e a d s  i n d i c a t e  R o b o 4  e x p r e s s i o n  i n  t h e  v a s c u l a t u r e ,  a n d  f i l l e d  
a r r o w h e a d s  p o i n t  t o  p a n c r e a t i c  n e r v e s .  B a r  g r a p h  i s  1 0 0  µm . I 
 
3.1.2 Expression of Sl i t2 is reduced in pancreatic 
cancer  and inversely correlates with enhanced 
lymphatic metastasis  
 
I n  a n  an a log ou s  ap pro ac h ,  we  t r i ed  t o  e s ta b l i sh  t he  
immu no h i s to ch emica l  d e tec t i on  o f  S l i t 2 ,  b o th  o n  c r yos ec t i ons  a s  we l l  
a s  f o rma l in  f i xed  a nd  pa r a f f i n - emb ed de d  t i ss ue  ( t h e  la t t e r  i n  
c o l la bo r a t i on  w i t h  D r .  Ru za  Arse n ic ,  De par tm en t  o f  Pa th o log y ,  Ch ar i t é ;  
p l ea se  r e f e r  t o  sup p lem en t a r y  in f o rmat i on  i n  7 .1  an d  Su pp l .  F ig u re  1 -
3 ) .  Ho we ve r ,  a l t h oug h  se vera l  comm erc ia l l y  a va i la b le  an t ib od ies  
ag a ins t  S l i t 2  were  t e s te d ,  no ne  o f  t hes e  a n t i bo d ie s  r e vea led  c on v inc ing  
p a t t e r ns  o f  immun ore ac t i v i t y ,  wh en  e va lua t ed  i n  pa ra l l e l  o n  e i t he r  
mo no la ye rs  o r  f o rma l i n - f i xe d  a nd  pa ra f f i n - emb ed de d  p e l le t s  o f  c e l l s  
d e f i c i en t  o f  o r  c omp e te n t  f o r  S l i t 2  e xp r ess ion .   
As  we  co u ld  no t  s a t i s f ac to r i l y  va l i d a te  t he  immu no h is t och em ic a l  
a pp r oa ch ,  we  q u an t i t a t i ve l y  d e te rm ine d  t he  e xp r ess ion  o f  S l i t 2  m RNA 
b y  q RT-PCR.  A  p ro sp ec t i ve  c o l le c t io n  o f  pa t i en t  s amp les  w i t h  
c on f i rm ed  PDAC an d  n on- t r an s f o rmed  pa nc r ea t i c  t i s sue s  (n= 28  PDAC 
I H i s t o l o g i c a l  s t a i n i n g s  i n  f i g u r e  4  w e r e  p a r t l y  p r o v i d e d  b y  M .  S c h r ö d e r  
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a nd  n= 29  no n- t ra ns f o rme d  p an c rea s )  wa s  a va i la b le  f o r  m RNA 
p rep ara t i on .   
Qu an t i t a t i ve  RT -PCR an a l ys i s  r e vea led  s ub s ta n t ia l  mRNA e xpres s io n  o f  
S l i t 2  in  t i ss ue s  o f  h ea l t h y  p an c re as  (F ig u r e  5 A) ,  wh ich  i s  i n  l i n e  w i t h  
p ub l i sh ed  e xp re ss ion  p r o f i l i ng  d a ta  t h a t  i nd ic a te d  S l i t 2  mRNA 
e xpr ess ion  i n  d uc ta l  e p i t h e l i a l  c e l l s  o f  t he  p an c re as  [ 2 55 ,  2 56 ] .  I n  
c on t r as t ,  S l i t 2  m RNA e xpre ss io n  wa s  f ou nd  d is t in c t l y  r ed uc ed  i n  PDAC 
t i s sue s  ( F ig u re  5 A) .  Fu r th e rmore ,  we  c on du c te d  a  su bg ro up  an a l ys is  o f  
ma t ch ed  tum or  p a i r s  an d  n on- t r ans f o rme d  p an c re a t i c  t i s su e  f r om  the  
s ame  pa t ie n t  ( n= 8  mat ch ed- pa i r s ) .  Aga in  S l i t 2  m RNA e xp res s io n  i n  t he  
t um or  was  f ou nd  s ig n i f i c an t l y  r ed uc ed  comp are d  t o  t he  e xac t  
c o r re sp on d ing  no n- t ra ns f o rme d  t i ss ue  ( F ig u r e  5 B) .   
The  de t e rm ina t i on  o f  S l i t 2  mRNA e xpr ess ion  in  h ea l t h y  a nd  ma l ig n an t  
t i s sue s  no w e na b led  t h e  c omp i la t i on  o f  ROC cu r ve s  in  o rd e r  t o  d e f in e  a  
c u t -o f f  va lu e  f o r  pa t ho log ic  S l i t 2  m RNA l e ve l s  b ase d  on  t he  m a x imum 
l i k e l i ho od  ra t io  (F ig u re  5 C) .  No ta b l y ,  i n  p a t ie n t s  a l l oc a ted  t o  t h e  g rou p  
w i t h  p a th o log i ca l  S l i t 2  e xp re ss io n ,  S l i t 2  mRNA e xpres s io n  co r r e l a ted  
w i t h  l ym ph  no de  met as t as is .  Th us ,  p a t ie n t s  w i t h  S l i t 2  l e ve ls  <med ian  
( lo w S l i t 2 ,  n=9)  ha d  a  h ig h er  i nc i de nc e  o f  l ymp h  nod e  met as ta s is  
( s t ag e  N1 ;  F ig u r e  5 D) ,  a nd  f u r t he rmo re  e xh ib i t e d  a  h ig her  f r a c t io n  o f  
t um or - in f i l t r a t ed  l ymp h  n od es  a s  c omp are d  t o  pa t i en t s  w i t h  S l i t 2  le ve ls  
>me d ia n  ( h ig h  S l i t 2 ,  n =9 ;  F ig u re  5 E) .  Con vers e l y ,  p a t i en t s  w i t h  l ymph  
n od e  m etas t as is  (N1  t umor s )  e xh ib i t e d  l o wer  o ve ra l l  S l i t 2  mRNA le ve ls  
a s  c ompa red  t o  pa t i en t s  w i t ho u t  l ymp h  n od e  met as tas i s  (N0  t um ors ) ,  
( F ig u r e  5 F) .   
Tak en  tog e t he r  o u r  e xp re ss io n  a na l yse s  i nd ic a te d  t he  p re se nc e  o f  t he  
S l i t 2 - Ro bo  s ig na l ing  pa t h wa y  i n  he a l t h y  p an c re as ,  wh e re as  S l i t 2  
e xp r ess ion  wa s  r ed uc ed  i n  PDAC.  Re duc ed  S l i t 2  m RNA e xpre ss ion  
f u r t he rm ore  c o r re la t ed  w i t h  b o th  a  h ig her  in c id enc e  and  h ig h er  e x t en t  
o f  l ym ph  no de  meta s ta s i s ,  sug g es t ing  t h a t  l oss  o f  S l i t 2  i n  PDAC ma y  
b e  a ss oc ia t ed  w i t h  a n  in c re ase d  a b i l i t y  o f  t umor  ce l l s  t o  me t as t as i ze .  
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F i g u r e  5 :  S l i t 2  m R N A e x p r e s s i o n  i s  r e d u c e d  i n  h u m a n  P D AC  a n d  
i n v e r s e l y  c o r r e l a t e s  w i t h  i n c r e a s e d  m e t a s t a s i s  
( A)  S l i t 2  m R N A  e x p r e s s i o n  i n  P D A C  ( n = 2 8 )  a n d  n o n - t r a n s f o r m e d  p a n c r e a s  
( n = 2 9 )  w a s  d e t e r m i n e d  u s i n g  q R T - P C R  a n d  n o r m a l i ze d  t o  G A P D H .  S h o w n  i s  
t h e  s c a t t e r  d o t  p l o t  w i t h  m e d i a n  a n d  i n t e r q u a r t i l e  r a n g e  ( p < 0 . 0 0 0 1 ,  M a n n  
W h i t n e y  t e s t ) .  ( B )  S l i t 2  m R N A  e x p r e s s i o n  i n  h u m a n  p a i r e d  t u m o r  a n d  n o n -
n e o p l a s t i c  t i s s u e s  f r o m  t h e  s a m e  p a t i e n t s  w a s  d e t e r m i n e d  u s i n g  q R T - P C R  
a n d  n o r m a l i ze d  b a s e d  o n  G A P D H  a s  i n t e r n a l  c o n t r o l  ( p = 0 . 0 1 5 6 ;  W i l c o x o n  
m a t c h e d - p a i r s  s i g n e d  r a n k  t e s t ) .  ( C )  R O C - a n a l ys i s  f o r  d e t e r m i n a t i o n  o f  a  
c u t - o f f  l e v e l ,  w h i c h  b e s t  d i s c r i m i n a t e s  P D A C  f r o m  n o n - t r a n s f o r m e d  p a n c r e a s  
( c u t - o f f  <  0 . 4 5 8 ;  l i k e l i h o o d  r a t i o :  1 8 . 6 4 ) .  F u r t h e r  a n a l ys i s  w a s  r e s t r i c t e d  t o  
t u m o r s  e x h i b i t i n g  p a t h o l o g i c  S l i t 2 -m R N A  l e v e l s  ( n = 1 8 ) .  ( D ,  E )  I n c i d e n c e  o f  
n o d a l  m e t a s t a s i s  ( D ;  p = 0 . 0 0 9 ;  F i s h e r ’ s  e x a c t  t e s t )  a n d  p e r c e n t a g e  o f  t um o r -
i n f i l t r a t e d  l ym p h  n o d e s  ( E ;  p = 0 . 0 0 5 ;  M a n n  W h i t n e y  t e s t )  i n  p a t i e n t s  w i t h  l o w  
( <  m e d i a n ,  n = 9 )  o r  h i g h  ( >  m e d i a n ,  n = 9 )  t u m o r a l  S l i t 2 - m R N A  l e v e l s .  ( F )  
T u m o r a l  S l i t 2 - m R N A  l e v e l s  i n  p a t i e n t s  w i t h o u t  ( N 0 )  a n d  w i t h  n o d a l  
m e t a s t a s i s  ( N 1 ) ;  ( p = 0 . 0 0 4 3 ,  M a n n  W h i t n e y  t e s t ) .  S h o w n  i s  t h e  s c a t t e r  d o t  
p l o t  w i t h  M e d i a n  a n d  t h e  i n t e r q u a r t i l e  r a n g e .  
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3.1.3 Expression analysis of  the Sl i t2  and Robo 
receptor- l igand system in human pancreatic  cancer 
cel l  l ines 
 
I n  o r de r  t o  e xpe r ime n ta l l y  a ddr ess  t h e  f un c t ion a l  r o le  o f  S l i t 2 -Rob o  in  
PDAC,  we  the n  a im ed  t o  i de n t i f y  a p pro p r ia t e  c e l l  s ys tems .  W e 
th e re f o re  de t e rm ine d  t h e  e xp re ss io n  o f  S l i t 2  a nd  Ro bo 1  i n  a  pa ne l  o f  
we l l  c ha r ac t e r i ze d  h uma n  PDAC ce l l  l i n es  [ 25 7 ]  us i ng  qRT-PCR a nd  
immu no b lo t t i ng .   
Co ns is t en t  w i t h  t he  ob ser ve d  s t ro ng  Ro bo 1  immun ore ac t i v i t y  i n  d uc ta l  
e p i t h e l ia l  c e l l s  o f  PDAC sp ec ime ns ,  imm un ob lo t t i ng  i n d ic a te d  t he  
p res en ce  o f  Rob o1  i n  a l l  PDAC c e l l  l i n es  e xam in ed ,  e xce p t  f o r  ASPC1 
c e l l s  (F ig u r e  6 A) .  I n  c on t r as t ,  S l i t 2  mRNA e xpre ss io n  wa s  va r ia b le .  
H ig h  l e ve l s  o f  S l i t 2  m RNA,  c omp arab le  t o  t h os e  i n  no n- t ra ns f o rmed  
p an c re a t i c  t i s su e ,  we r e  ob ser ve d  i n  t h e  immor t a l i ze d  pa nc r ea t i c  
e p i t h e l ia l  ce l l  l i n e  HPDE an d  the  we l l - d i f f e ren t ia t ed  ce l l  l i n e  DANG 
( F ig u r e  6 B) .  I n  co n t ra s t ,  S l i t 2  e xp r ess ion  was  e i t he r  su bs t an t i a l l y  
r edu ce d  i n  Ca pa n-1  a nd  Ca pan -2  ce l l s ,  o r  e n t i r e l y  l os t  i n  t he  p oor l y -
d i f f e re n t ia t ed  Mia PaCa an d  Pan c1  c e l l  l i ne s  [ 25 7 ]  (F ig u re  6B) ,  wh i ch  i s  
i n  l i ne  w i t h  t h e  o bse r ve d  re du c t i on  o f  S l i t 2  in  huma n PDAC sam p le s .  
Re duc t i on  o f  S l i t 2  h as  be en  a t t r i bu te d  t o  ep ig e ne t i c  s i l e nc ing  d ue  t o  
p romot e r  h ypermeth y la t i on  i n  some  c an cer  t yp es ,  su ch  a s  p ro s ta te ,  
b rea s t  a nd  lu ng  can cer  [ 23 1 ] .  W e c ons eq ue n t l y  a na l yze d  wh e th e r  su ch  
e p ig en e t i c  a l t e ra t io ns  m a y  u nd er l i e  t h e  lo ss  o f  S l i t 2  e xp res s io n  i n  t he  
r esp ec t i ve  pa nc r ea t i c  c an cer  ce l l  l i n es .  W e  th e re f o re  t r ea t ed  S l i t 2 -
d e f i c i en t  Pan c1  an d  Mia Pa Ca  ce l l s  w i t h  t h e  a zac i t i d i ne  de r i va te  
d ec i t ab in e  (5 - AZA-2 ’de o xyc y t id i ne  o r  5 - AZA- dC) ,  wh ic h  c ons t i t u te s  a  
d emet h y la t i ng  ag en t  w id e l y  us ed  f o r  e p ig en e t i c  s tu d ies  [ Re v ie we d  in  
2 58 ,  25 9 ] .  I nd ee d ,  5 - AZA- dC  t r ea tme n t  re s to r ed  S l i t 2  e xp r ess ion  in  
Pa nc1  c e l l s  ( F ig u re  6 C) ,  i de n t i f y ing  e p ig e ne t i c  mo d i f i c a t io ns  as  o ne  
p o te n t ia l  ca us e  o f  a ber ran t  S l i t 2 -Robo  s ig n a l i ng  i n  PDAC c e l l  l i n es .  I n  
c on t r as t ,  t r ea tme n t  o f  M iaPa Ca  w i t h  5 -AZA- d C  h ad  no  e f f ec t  on  t he  
e xp r ess ion  o f  S l i t 2  (F ig u r e  6 C) ,  i nd i ca t i ng  t ha t  d i f f e re n t  me ch an isms  o f  
S l i t 2  g en e  in ac t i va t i o n  a r e  p r es en t  in  PDAC ce l l  l i n es .  
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F i g u r e  6 :  E x p r e s s i o n  a n a l y s i s  o f  S l i t 2  a n d  R o b o 1  i n  P D AC  c e l l  l i n e s  a n d  
s p e c i m e n s  
( A)  P r o t e i n  e x p r e s s i o n  a n a l ys i s  o f  R o b o 1  i n  l ys a t e s  o f  P D A C  c e l l  l i n e s  a n d  
H U V E C  u s i n g  i m m u n o b l o t t i n g II.  S i ze s  o f  e x p e c t e d  b a n d s  a r e  g i v e n  i n  k D a .  
( B )  R e l a t i v e  q u a n t i f i c a t i o n  o f  S l i t 2  m R N A  e x p r e s s i o n  l e v e l s  i n  a  p a n e l  o f  
h u m a n  P D A C  c e l l  l i n e s  a n d  h e a l t h y  p a n c r e a t i c  t i s s u e  u s i n g  q u a n t i t a t i v e  R T -
P C R .  N o r m a l i za t i o n  w a s  b a s e d  o n  1 8 S  R N A  a s  e n d o g e n o u s  c o n t r o l .  ( C )  
P a n c 1  c e l l s  w e r e  i n c u b a t e d  w i t h  1 0  µM  5 - A Z A - d C  f o r  7 2  h ,  a n d  s u b s e q u e n t l y  
S l i t 2  m R N A  e x p r e s s i o n  d e t e r m i n e d  u s i n g  q u a l i t a t i v e  P C R .  R e a c t i v a t i o n  o f  
S l i t 2  e x p r e s s i o n  i n  P a n c 1  c e l l s  b y  5 - A Z A - d C  s u g g e s t s  s i l e n c i n g  o f  S l i t 2  g e n e  
d u e  t o  p r o m o t e r  h yp e r m e t h y l a t i o n .  A s  c o n t r o l  ( c t r ) ,  c D N A  f r o m  S l i t 2  
e x p r e s s i n g  D A N G  c e l l s  w a s  u s e d .  M a r k e r  i s  a  1 0 0  b p  l a d d e r .  S i ze  o f  t h e  
e x p e c t e d  P C R  g e n e - p r o d u c t  i s  g i v e n  i n  b p .  
 
3.2 Functional  characterizat ion of Sl i t2-mediated 
auto-/paracrine effects on PDAC cel ls in Vi t ro  
 
I n  o rd e r  t o  i n ve s t ig a te  t he  b io l og ic a l  f u nc t io n  o f  t he  S l i t 2 - Rob o  s ys tem 
i n  PDAC,  we  us ed  d i f f e re n t  me t ho do log ic a l  a pp r oac he s .  W e f i r s t  a imed  
a t  ec to p ic  re - e xp re ss ion  o f  S l i t 2  i n  c e l l  l i nes ,  wh ic h  la ck  e nd og enous  
S l i t 2 .  S inc e  S l i t 2  i s  se c re t ed  b y  t umor  c e l l s ,  t h i s  a ppr oac h  wo u ld  a l l o w 
to  de t e rm in e  a u toc r in e  a nd / o r  p a ra c r in e  e f f ec t s  o f  S l i t 2  o n  t h e  t umor  
c e l l s  t hem se l ves  a nd  o th e r  ce l l  t ype s  p re se n t  i n  t he  PDAC s t r oma l  
c omp ar tmen t ,  s uc h  a s  e nd o th e l i a l  and  n eur on a l  ce l l s .  Co n ve rse l y ,  we  
II R o b o 1  i m m u n o b l o t  i n  f i g u r e  6 A  w a s  k i n d l y  p r o v i d e d  b y  M .  W e l ze l  
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a l so  de c id ed  t o  in ve s t ig a t e  t he  e f f e c t s  o f  f un c t i on a l  i n a c t i va t io n  o f  
S l i t 2 - Ro bo  s ig na l i ng  b y  le n t i v i r a l -me d ia t ed  k no ck do wn  o f  e nd og en ous  
Ro bo 1  i n  S l i t 2  c omp ete n t  PDAC ce l l s .   
 
3.2.1 Generation of PDAC cel l  l ines with inducible 
Sl i t2 re-expression 
 
M ia Pa Ca an d  Panc 1  c e l l s ,  b o th  la ck  en dog e no us  S l i t 2 ,  an d  h en ce  
r ep r ese n te d  ce l l  mod e ls  s u i t ab le  t o  e xp er im en t a l l y  a ddr es s  t he  
c on seq u enc es  o f  a  S l i t 2  g a in - o f - f unc t i on  a ppr oa ch .  Ac cor d ing l y ,  we  
g en era t ed  ce l l  c lo ne s  w i t h  ind uc ib l e  S l i t 2  e xp re ss io n  u s i ng  t he  
t e t r ac yc l in e - in duc ib l e  T Re x T M  vec t o r  s ys tem,  wh ich  a l l o ws  f o r  t he  
r eg u la te d  in du c t ion  o f  S l i t 2  u po n  t r ea tm en t  o f  ce l l s  w i t h  t he  
t e t r ac yc l in e  an a log ue  d o xyc yc l i ne  ( f o r  d e ta i l ed  i n f o rmat i on ,  p le ase  
r e f e r  t o  2 .2 . 1  a nd  2 . 4 .2 )  [ 24 9 ,  2 50 ,  26 0 ] .  
Hum an  f u l l - l eng th  S l i t 2 ,  com pr is ing  t h e  nuc leo t i des  1 -1 46 9 ,  wa s  
s ub c lon ed  in t o  t he  pc DNA4/T O vec to r  ( f o r  d e ta i le d  i n f ormat i on ,  p l eas e  
r e f e r  t o  2 .2 . 1 ) .  Fo r  c o n ven ie n t  de t ec t io n  o f  f u l l - l eng th  S l i t 2  p r o te i n  as  
we l l  a s  c le a vag e  f r ag me nts ,  an  N- t e rm in a l  3 xF lag - tag  an d  a  C- te rm ina l  
m yc -HI S  t ag  ha ve  b e en  ad de d ,  r esu l t i ng  i n  t h e  g e ne ra t io n  o f  t he  
p c DNA4/TO-SP-3 xFL AG-S l i t 2 -m yc His  p l asm id .  M ia PaCa a nd  Pa nc 1  ce l l  
c l on es  w i t h  s t ab le  i n se r t i on  o f  t he  r eg u la t o r y  p l asm id  pc DNA6/TR  h a ve  
p re v iou s l y  b ee n  g en era t ed  an d  c har ac te r i ze d  i n  o u r  la b  [2 44 ] ,  an d  were  
a va i l ab le  f o r  s eq ue n t ia l  t r a ns f ec t io n  w i t h  t he  p cDNA4/TO-SP-3 xFL AG-
S l i t 2 -m yc H is  p lasm id .   
F rom  o u t  o f  6  a nd  8  do ub le - t r a ns f ec te d  Mia Pa Ca T R - S l i t 2  a nd  Pa nc 1 T R - S l i t 2  
c l on es ,  r es pe c t i ve ly ,  t h os e  wer e  se lec t ed ,  wh ic h  f ea t u red  lo we s t  b asa l  
e xp r ess ion  a nd  s t ro ng es t  i n du c ib i l i t y  o f  t h e  S l i t 2  p r o te in  as  as se sse d  
b y  imm un ob lo t t i ng .  The se  c lo ne s  a r e  f r om her e  o n  r e f e r r ed  t o  a s  
Mia Pa Ca T R - S l i t 2  a nd  Pan c1 T R - S l i t 2  ( f o r  d e ta i l ed  in f o rmat i on ,  p le ase  re f e r  
t o  2 . 4 .2 ) .  Fo l lo w ing  s t imu la t io n  w i t h  d o xyc yc l i ne ,  s ucc es s f u l  i nd uc t ion  
a nd  s ec r e t i on  o f  m yc -  a nd  F lag - tagg ed  S l i t 2  in  l ys a te s  an d  c u l t u re  
s up ern a ta n t s  f r om d o ub le - t r a ns f ec ted  Mia Pa Ca T R - S l i t 2  an d  Panc 1 T R - S l i t 2  
c e l l s  wa s  con f i rme d  us ing  immu no b lo t t i ng  (F ig u re  7 A,  B) .  W e a lso  
e xp lo re d  t he  do se -de pe nd en ce  o f  S l i t 2 - in du c t i on  and  sec r e t io n  as  
a ss ess ed  b y  immu no b lo t t i ng  o f  TCA  p r ec ip i t a te s  o f  c e l l  cu l t u r e  
s up ern a ta n t .  S l i t 2  i n du c t i on  wa s  a cc omp l i s he d  b y  t r ea tm en t  o f  ce l l s  
w i t h  i nc r ea s ing  d os es  o f  d o xyc yc l i ne  f r om 0 .0 01  t o  1  mg /m l  f o r  4 8  h .  A  
d os e  o f  0 . 00 1  mg /m l  do xyc yc l in e  resu l t ed  in  m a x ima l  i nd uc t i on  o f  S l i t 2  
e xp r ess ion ,  an d  was  he nc e  se lec t ed  f o r  f u r t h e r  i n  v i t r o  ce l l  s t ud ies .  
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F i g u r e  7 :  I n d u c i b l e  r e - e x p r e s s i o n  o f  S l i t 2  i n  M i a P a C a T R - S l i t 2  a n d  
P a n c 1 T R - S l i t 2  c e l l s  d o e s  n o t  a f f e c t  t u m o r  c e l l  p r o l i f e r a t i o n  
( A,  B )  U s i n g  t h e  d o x yc yc l i n e - i n d u c i b l e  T - R e x T M  v e c t o r  s ys t e m ,  M i a P a C a T R -
S l i t 2  a n d  P a n c 1 T R - S l i t 2  c e l l s  w i t h  i n d u c i b l e  e x p r e s s i o n  o f  f u l l - l e n g t h  h u m a n  
S l i t 2  w e r e  g e n e r a t e d  b y  t r a n s f e c t i o n  w i t h  a  S l i t 2 - c D N A  c o n s t r u c t  t h a t  
c o m p r i s e s  t h e  n u c l e o t i d e s  1 - 1 4 6 9 .  F o r  d e t e c t i o n  o f  S l i t 2 ,  a n  N - t e r m i n a l  F l a g -
t a g  a n d  a  C - t e r m i n a l  m yc - H I S - t a g  f l a n k  t h e  S l i t 2 - c D N A .  I n d u c i b l e  e x p r e s s i o n  
a n d  s e c r e t i o n  o f  t h e  m yc -  a n d  F l a g - t a g g e d  S l i t 2  p r o t e i n  w a s  c o n f i r m e d  u s i n g  
i m m u n o b l o t t i n g  o f  T C A - p r e c i p i t a t e s  f r o m  M i a P a C a T R - S l i t 2  a n d  P a n c 1 T R - S l i t 2  
c e l l  c u l t u r e  s u p e r n a t a n t s  f o l l o w i n g  t r e a t m e n t  w i t h  d o x yc yc l i n e  ( D o x :  1  µ g / m l  
f o r  4 8  h )  a s  c o m p a r e d  t o  v e h i c l e  t r e a t e d  c o n t r o l s .  P r o t e o l y t i c  c l e a v a g e  o f  
f u l l - l e n g t h  S l i t 2  ( 2 0 0  k D a )  r e s u l t e d  i n  t h e  g e n e r a t i o n  o f  t h e  N - t e r m i n a l  S l i t 2  
f r a g m e n t  ( S l i t 2 N ,  1 4 0  k D a ) .  ( C ,  D )  M i a P a C a T R - S l i t 2  a n d  P a n c 1 T R - S l i t 2  c e l l s  
w i t h  i n d u c i b l e  S l i t 2  e x p r e s s i o n  w e r e  p r e t r e a t e d  w i t h  1  µ g / m l  d o x yc yc l i n e  o r  
v e h i c l e  f o r  4 8  h ,  a n d  c e l l  n u m b e r s  w e r e  c o u n t e d  a f t e r  2 4 ,  4 8 ,  7 2  a n d  9 6  
h o u r s  a t  i n d i c a t e d  t i m e  p o i n t s .  E x p e r i m e n t s  w e r e  c o n d u c t e d  t h r e e  t i m e s ,  
e a c h  i n  d u p l i c a t e s  ( M i a P a C a T R - S l i t 2 :  n = 3 ,  p = 0 . 8 9 ;  P a n c 1 T R - S l i t 2 :  n = 4 ,  p = 0 . 5 5 ;  
b o t h  A n o v a ) .  
 
No t ab l y ,  M ia Pa Ca T R - S l i t 2  a nd  Pan c1 T R - S l i t 2  PDAC ce l l  c lo ne s  no t  o n l y  
e xp r ess ed  and  s ec r e ted  S l i t 2  ( 20 0  k Da )  bu t  a l s o  p ro t eo ly t i ca l l y  c le a ved  
t h e  f u l l - l eng th  p r o te i n  r esu l t i ng  i n  a  1 40  k Da  f rag ment  r ecog n i zed  b y  
t h e  an t i - F lag  an t i bo d y  in  t h e  co nd i t i o ne d  med ia  ( F ig u re  7A,  B) .  The  
mo lec u la r  we ig h t  o f  t he  c le a vag e  p ro du c t  i s  c ons i s t en t  w i t h  t h e  
N - te rm in a l  f r agment  o f  S l i t 2  ( S l i t 2 N;  AA111 0-1 11 8 ;  Sup p l .  F ig u re  4A,  
B ) ,  wh ic h  b in ds  t o  Ro bo  rec ep t o rs  a nd  me d ia t es  a  va r ie t y  o f  b io l og i ca l  
f unc t i ons  [ 16 2 ] .   
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3.2.2 Sl i t2  re-expression does not  affect 
prol i feration or random moti l i ty of  PDAC cel ls  
 
M ia Pa Ca an d  Panc1  ce l l s  e xp r ess  t he  re ce p to r  Rob o1  ( F ig u re  6A) ,  a nd  
ma y  t he r e f o re  be  su b je c te d  t o  au t o - / p a ra c r in e  S l i t 2  s t im u la t ion .  
Ther e f o re ,  we  de t e rm in ed  t h e  co nseq u en ce s  o f  S l i t 2  i ndu c t io n  f o r  ce l l  
a nc hor ag e-d ep en de n t  g ro wt h  and  mot i l i t y  o f  t he se  ce l l s  i n  v i t r o .  F i r s t ,  
we  t es t ed  wh e t he r  i n d uc t io n  o f  S l i t 2  a f f ec t ed  p ro l i f e ra t io n  o f  M ia Pa Ca 
a nd  Pan c1  ce l l s .  W hen  Mia Pa Ca T R - S l i t 2  a nd  Pan c1 T R - S l i t 2  c e l l s  wer e  
p re t re a te d  w i t h  d oxyc yc l i ne  f o r  4 8  h  t o  i nd uce  S l i t 2  exp re ss io n  a nd  
s ub seq u en t l y  cu l t u r ed  o ve r  96  ho urs ,  S l i t 2  d id  n o t  a f f ec t  p r o l i f e ra t i on  
o f  t he se  ce l l s  ( F ig u r e  7 C,  D) .  
Ne x t ,  we  d e t e rm ine d  t he  co nseq u enc es  o f  S l i t 2  g a in -o f - f un c t io n  o n  
t um or  ce l l  p r op er t i e s  t ha t  a re  req u i r ed  f o r  me t as t as is ,  s uch  as  t he  
a b i l i t y  t o  d i s eng ag e ,  t o  m ig ra te  an d  t o  in vad e .  F i r s t  e xp er ime n ts  
s t ud ied  r an dom  tum or  c e l l  m ig ra t io n  u s ing  t im e- la ps e  m ic ro sco py,  
wh i c h  e na b le d  us  t o  m on i t o r  sp ec i f i c  pa r amete rs  o f  c e l l  mo veme nt ,  
s uc h  as  ve loc i t y  a s  we l l  as  t r a ve l l e d  Euc l id ea n  and  acc umu la t ed  
d i s ta nce s  ( F ig u re  8 A- E) .  No ta b l y ,  S l i t 2  d i d  no t  c ha ng e  a n y  o f  t hese  
p a ram ete r s  wh en  t umor  ce l l s  were  s ee de d  on  cu l t u re - d i sh es  an d  
a l l o wed  t o  r and om ly  m ig ra t e  in  t he  p re se nc e  o f  1  %  F BS.  S im i l a r l y ,  r e -
e xp r ess ion  o f  S l i t 2  h a d  no  e f f ec t  on  t h e  g a p  c l os u re  o f  M ia Pa Ca T R - S l i t 2  
c e l l s  i n  a  mo de l  ass a y  o f  wo un d  he a l ing  (F ig u r e  8F- J ) .  Tak en  t og e th e r ,  
r es to r ed  e xp r ess ion  o f  S l i t 2  i n  t umo r  c e l l s  d id  n o t  a l t e r  t um or  ce l l  
p ro l i f e ra t io n  o r  r an dom  m ig ra t io n  un der  t he  exp er imen t a l  co nd i t i ons  
s t ud ied .  
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F i g u r e  8 :  R e - e x p r e s s i o n  o f  S l i t 2  d o e s  n o t  a f f e c t  r a n d o m  m i g r a t i o n  o f  
M i a P a C a  c e l l s  
( A- C )  M i a P a C a T R - S l i t 2  c e l l s  w e r e  s e e d e d  o n  c u l t u r e  p l a t e s ,  a n d  r a n d o m  
m i g r a t i o n  a s s e s s e d  u s i n g  t i m e - l a p s e  m i c r o s c o p y  o v e r  1 2  h .  I n d u c t i o n  o f  S l i t 2  
e x p r e s s i o n  d i d  n o t  a f f e c t  E u c l i d e a n  d i s t a n c e  ( A ) ,  a c c u m u l a t e d  d i s t a n c e  ( B )  
a n d  v e l o c i t y  ( C )  i n  r a n d o m  m i g r a t i o n  a s s a ys  a s  q u a n t i f i e d  u s i n g  W im T a x i s ®  
s o f t w a r e  ( n = 3 ,  p = 0 . 8 7 ,  p = 0 . 4 2  a n d  p = 0 . 4 4 ,  r e s p e c t i v e l y ) .  ( D ,  E )  
R e p r e s e n t a t i v e  p l o t  d a t a  i m a g e s  s h o w s u m m a r y  o f  i n d i v i d u a l  t u m o r  c e l l  
t r a j e c t o r i e s  i n  r a n d o m  m i g r a t i o n  a s s a ys  o f  M i a P a C a T R - S l i t 2  c e l l s  w i t h  S l i t 2  
i n d u c t i o n  a s  c om p a r e d  t o  v e h i c l e  c o n t r o l  c e l l s .  ( F - J )  C o n f l u e n t  
M i a P a C a T R - S l i t 2  c e l l  l a ye r s  w e r e  s u b j e c t e d  t o  w o u n d  h e a l i n g  a s s a ys .  
R e d u c t i o n  o f  t h e  o p e n  w o u n d  a r e a  w a s  e v a l u a t e d  u s i n g  t i m e - l a p s e  
m i c r o s c o p y  o v e r  a  p e r i o d  o f  2 0  h  i n  v e h i c l e  a n d  d o x yc yc l i n e - t r e a t e d  c e l l  
c u l t u r e s .  E x p e r i m e n t s  w e r e  c o n d u c t e d  t h r e e  t im e s ,  e a c h  i n  d u p l i c a t e s .  D a t a  
a r e  p r e s e n t e d  a s  p e r c e n t  o f  o p e n  w o u n d  a r e a  a t  t = 0  h  a n d  r e p r e s e n t  m e a n s  
± S E M  ( n = 3 ,  p = 0 . 3 7 ;  A n o v a ) .   
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3.2.3 Sl i t2  re-expression inhibits  directed migration 
and invasion of PDAC cel ls 
 
I n  ad d i t i on  t o  ra ndom  m ig ra t io n ,  t umor  ce l l s  e xh ib i t  d i r ec t ed  mo veme nt  
t o wa rds  chem oat t ra c t i ve  g ra d ien t s .  Th ere f o re ,  we  e xam in ed  t he  e f f ec t s  
o f  S l i t 2  o n  d i r ec ted  m ig ra t i on  o f  M iaPa Ca T R - S l i t 2  an d  Pan c1 T R - S l i t 2  t umor  
c e l l s  t o ward s  a  ch emog ra d ie n t  o f  1  %  FBS  i n  v i t r o  us i ng  t r an s we l l  
a ss a ys .  I n de ed ,  d o xyc yc l i ne - de pe nd en t  i n duc t i on  o f  S l i t 2  i nh ib i t ed  
d i r ec t ed  m ig ra t io n  o f  M ia Pa Ca T R - S l i t 2  a n d  Pan c1 T R - S l i t 2  b y  4 9  %  and  
3 8  %,  r esp ec t i ve l y ,  c omp are d  t o  t he  ve h i c l e - t r e a te d  co n t ro l s  (F ig u r e  
9 A,  B ) .  Im por t an t l y ,  M ia Pa Ca T R  ce l l s ,  wh ic h  on l y  r ec e i ve d  t he  
r eg u la to r y  p cDNA6-TR  p la sm id  s ho wed  n o  d i f f e ren ce s  in  t he  m ig ra to r y  
b eh a v io r  u po n  d o xyc yc l i ne  t r ea tme n t  ( F ig u r e  9 C) ,  t hus  e xc lud ing  o f f -
t a rg e t  e f f ec t s  o f  doxyc yc l i ne  i n  t h ese  a ss a ys .   
W e a ls o  g en era t ed  Mia Pa Ca S l i t 2  and  Pan c1 S l i t 2  c lo nes  w i t h  s ta b le  
o ve r e xp res s io n  o f  S l i t 2 .  Ag a in  t h e  p res en ce  o f  S l i t 2  i nh i b i t e d  t he  
m ig ra t io n  o f  M iaPa Ca S l i t 2  an d  Pan c1 S l i t 2  ce l l s  b y  72  %  a nd  52  %,  
r esp ec t i ve l y  (n o t  sh o wn) ,  i n d ic a t i ng  t h a t  t h e  o bs er ve d  S l i t 2  e f f ec t s  d id  
n o t  d ep en d  o n  t h e  mo de  o f  ec top i c  S l i t 2  e xp re ss io n .   
To  t e s t  wh e th e r  t he  ob ser ved  r ed uc t io n  o f  m ig ra t io n  wa s  in de ed  du e  t o  
e c to p ica l l y  e xp re ss ed  an d  s ec r e te d  S l i t 2 ,  we  a ime d  t o  f unc t io na l l y  
n eu t r a l i ze  t he  sec r e te d  S l i t 2  l i g a nd  b y  ad d i t i on  o f  Ro bo N.  Rob oN 
c ompr is es  t h e  N- te rm in a l  e x t ra ce l lu l a r  d om a ins  o f  Rob o1  a n d  se r ves  as  
a  so lub le -d eco y  rec ep t o r  c ompet i ng  w i t h  mem bra ne- bou nd  Rob o1  f o r  
t h e  b i nd ing  t o  S l i t 2 .  Sup ern a ta n ts  f r om s ta b l y  t r a ns f ec t ed  HEK ce l l  
c l on es  were  use d  a s  a  so u rc e  f o r  Ro bo N.  Sup ern a ta n t s  f r om Ro bo N-
e xpr ess ing  HEK ce l l s ,  b u t  no t  f r om  Mo ck - t ran s f ec t ed  c on t r o l  c e l l s  
a lm os t  a b rog a t ed  t h e  i nh ib i t i on  o f  d i r ec te d  m ig ra t io n  b y  S l i t 2  in  
M ia Pa Ca T R - S l i t 2  ce l l s  ( F ig u re  9D) .   
I n  o r de r  t o  c on f i rm  t he se  f i n d i ng s  we  a lso  u t i l i zed  comm erc ia l l y  
a va i l ab le  pu r i f i e d  h uma n  S l i t 2N  ( huS l i t 2 N;  co r r es po nd ing  t o  t h e  N-
te rm ina l  c lea vag e  p rod uc t  o f  f u l l - l eng th  S l i t 2 )  a nd  a  so lub le  Fc -c ou p led  
Ro bo 1  r ec ep t o r  f r ag ment  (Rob o1- Fc ) .  Th e  l a t t e r  seq u es t e rs  a nd  
t h e re b y  an t ag on i ze s  S l i t 2 .  Add i t i o n  o f  pu r i f i ed  hu S l i t 2 N  r ed uce d  th e  
d i r ec t ed  m ig ra t io n  o f  w i l d t ype  Mia Pa Ca  c e l l s  b y  59  %,  an  e f f ec t  t h a t  
wa s  p re ve n te d  by  c o - in cu ba t io n  w i t h  Ro bo 1-Fc  (F ig u r e  9G,  H) .  
S im i l a r l y ,  hu S l i t 2 N re duc ed  th e  d i rec t ed  m ig ra t i on  o f  Pa nc1  c e l l s  b y  
3 6  %.  Th us  t he se  a dd i t i on a l  t o o ls  con f i rm ed  the  o bs erva t io ns  i n  ou r  
PDAC ce l l  va r ia n t s  w i t h  S l i t 2  o ve r e xp r ess ion .  
W e a ls o  t es te d  t he  ab i l i t y  o f  S l i t 2 - c on d i t i o ne d  m ed ia  f r om 
Mia Pa Ca T R - S l i t 2  c l on es  t o  r eg u la t e  t he  d i rec t ed  m ig ra t io n  o f  c e l l  l i nes  
c omp ete n t  o r  de f i c i e n t  f o r  Robo 1 .  Add i t i on  o f  S l i t 2 - co nd i t i on ed  med ia  
i n t o  t he  l o wer  cham ber  o f  t he  t r a ns we l l s  r ed uc ed  the  m ig ra t io n  o f  
 
Re su l t s  7 3  
w i l d t y pe  (Rob o1- comp ete n t )  M ia Pa Ca  c e l l s  b y  50  %,  b u t  h ad  n o  e f f ec t  
o n  Ro bo 1-d e f i c ie n t  ASPC1 c e l l s  (F ig u r e  9 E,  F ) .  
The se  r es u l t s  o n  d i r ec t ed  t umor  c e l l  m ig ra t i on  sug g es t  a  Rob o1-
me d ia t ed  e f f ec t  o f  S l i t 2 ,  b u t  c an no t  e xc l ud e  t h a t  an o th e r  s ec on dar y  
S l i t 2  reg u la ted  f ac t o r  i s  i n vo l ved .  To  c l a r i f y  t h i s  asp ec t ,  we  used  
s up ern a ta n t s  f r om Mia Pa Ca  c e l l s  w i t h  s ta b le  S l i t 2  o ve re xp r ess ion  
( M ia Pa Ca S l i t 2 ) ,  wh ic h  s hou ld  c on ta i n  b o th  S l i t 2  a nd  su ch  a  p u ta t i ve  
s ec on dar y  f ac t o r .  Seq u es t ra t i on  o f  S l i t 2  b y  Rob o1 -Fc  i n  t hese  
s up ern a ta n t s  wo u ld  b l ock  S l i t 2  e f f ec t s  w i t ho u t  a f f ec t ing  t he  f un c t i on  o f  
t h i s  pu t a t i ve  in d i re c t  f ac t o r .  I nd ee d ,  a dd i t i o n  o f  Ro bo 1-Fc  t o  t he  
c on d i t i on ed  m ed ia  f r om  Mia Pa Ca S l i t 2  c e l l s  co un t e ra c ted  t he i r  c ap ac i t y  
t o  i nh ib i t  t h e  d i r ec te d  m ig ra t i on  o f  M ia Pa Ca ce l l s  i n  t r an s we l l  as sa ys  
( F ig u r e  9 I ) .  Exper ime n ts  w i t h  s up erna t an t s  f r om Mia PaCa M o c k  se r ve d  a s  
c on t r o ls .  Thes e  re su l t s  in d ic a te  t ha t  S l i t 2  r a th e r  t ha n  a  se co nd ar y  
me d ia t o r  su ppr es se d  Mia Pa Ca ce l l  m ig ra t io n .  
 
F i g u r e  9 :  I n d u c i b l e  r e - e x p r e s s i o n  o f  S l i t 2  i n h i b i t s  d i r e c t e d  m i g r a t i o n  o f  
P D AC  c e l l  l i n e s  
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( A ,  B )  M i a P a C a T R - S l i t 2  a n d  P a n c 1 T R - S l i t 2  c e l l s  w i t h  i n d u c i b l e  S l i t 2  e x p r e s s i o n  
w e r e  p r e t r e a t e d  w i t h  1  µ g / m l  d o x yc yc l i n e  o r  v e h i c l e  f o r  4 8  h  a n d  s u b j e c t e d  
t o  t r a n s w e l l  m i g r a t i o n  a s s a ys .  I n d u c i b l e  e x p r e s s i o n  o f  S l i t 2  i n h i b i t e d  
d i r e c t e d  m i g r a t i o n  o f  M i a P a C a T R - S l i t 2  a n d  P a n c 1 T R - S l i t 2  c e l l s ,  a s  c o m p a r e d  t o  
v e h i c l e  t r e a t e d  c o n t r o l s  ( M i a P a C a T R - S l i t 2 :  n = 4 ,  p = 0 . 0 2 3 ;  P a n c 1 T R - S l i t 2 :  n = 3 ,  
p = 0 . 0 1 6 ) .  ( C )  T r e a t m e n t  o f  M i a P a C a T R  w i t h  d o x yc yc l i n e  h a d  n o  e f f e c t  o n  t h e  
d i r e c t e d  m i g r a t i o n  o f  M i a P a C a T R  c e l l s  ( n = 3 ,  p = 0 . 1 5 4 ) .  ( D )  C o n d i t i o n e d  m e d i a  
f r o m  H E K 2 9 3  c e l l s  w i t h  s t a b l e  e x p r e s s i o n  o f  t h e  s o l u b l e  R o b o 1  r e c e p t o r ,  
R o b o N ,  a n d  r e s p e c t i v e  M o c k - c o n t r o l  w e r e  g e n e r a t e d .  R o b o N - c o n d i t i o n e d  
m e d i u m  a b r o g a t e d  t h e  i n h i b i t o r y  e f f e c t  o f  S l i t 2  o n  t u m o r  c e l l  m i g r a t i o n  a s  
c o m p a r e d  t o  M o c k - c o n t r o l  m e d i u m  ( n = 3 ,  * p < 0 . 0 0 1 ,  # p < 0 . 0 5 ) .  ( E ,  F )  S l i t 2  
c o n d i t i o n e d  m e d i u m  f r om  d o x yc yc l i n e  t r e a t e d  M i a P a C a T R - S l i t 2  c e l l s  i n h i b i t e d  
t h e  m i g r a t i o n  o f  w i l d t yp e ,  R o b o 1 - c o m p e t e n t  M i a P a C a  c e l l s  ( E ;  n = 4 ,  
p = 0 . 0 0 6 6 ) ,  b u t  n o t  o f  A S P C 1  c e l l s  d e f i c i e n t  f o r  R o b o 1  ( F ;  n =3 ,  p = 0 . 5 1 ) III.  ( G )  
R e c om b i n a n t  h u m a n  S l i t 2  ( 2 0 0  n g / m L )  i n h i b i t e d  t h e  m i g r a t i o n  o f  M i a P a C a  
a n d  P a n c 1  w i l d t yp e  c e l l s .  T h i s  e f f e c t  w a s  a b r o g a t e d  b y  s o l u b l e  R o b o 1 - F c  
( 2 . 5  µ g / m L  R o b o 1 F c ;  n = 5 ,  * p = 0 . 0 0 0 3 ;  # p = 0 . 0 1 3 ) .  ( H )  R e c o m b i n a n t  h u m a n  
S l i t 2  ( 2 0 0  n g /m L )  i n h i b i t e d  t h e  m i g r a t i o n  o f  P a n c 1  w i l d t yp e  c e l l s  ( n =4 ;  
p = 0 . 0 2 2 ) .  ( I )  C o n d i t i o n e d  m e d i a  f r o m  M i a P a C a  c e l l s  w i t h  s t a b l e  e x p r e s s i o n  
o f  S l i t 2  a n d  r e s p e c t i v e  M o c k - c o n t r o l  m e d i a  w e r e  g e n e r a t e d .  S l i t 2 -
c o n d i t i o n e d  m e d i a  i n h i b i t e d  t h e  m i g r a t i o n  o f  M i a P a C a  c e l l s  c o m p a r e d  t o  
M o c k - c o n t r o l  m e d i u m  ( n = 5 ,  * p = 0 . 0 1 3 ) .  S e q u e s t r a t i o n  o f  S l i t 2  i n  c o n d i t i o n e d  
m e d i a  b y  a d d i t i o n  o f  r e c o m b i n a n t  s o l u b l e  R o b o 1 - F c  t o  n e u t r a l i ze  s e c r e t e d  
S l i t 2  j u s t  b e f o r e  t h e  m i g r a t i o n  a s s a y  p r e v e n t e d  t h i s  i n h i b i t o r y  e f f e c t  ( n = 5 ,  
# p = 0 . 0 3 2 ) .  
 
Tumor  ce l l  m o t i l i t y  a l s o  d ep en ds  on  t h e i r  c apa c i t y  t o  d eg rad e  a nd  
i n va de  t he  e x t r ace l l u l a r  ma t r i x .  Fu r t he rmor e ,  m ig ra t i on  o f  c e l l s  w i t h in  a  
3 D- ce l lu l a r  m a t r i x  mor e  c los e l y  re semb les  t h e  ph en o t yp e  o f  m ig ra t ing  
c e l l s  i n  t i ssu es  comp are d  t o  2 D  cu l t u r es  [ 2 61 ] .  Th ere f o re ,  we  a na l yzed  
t h e  c on seq u enc es  o f  S l i t 2  e xp res s io n  o n  t h e  in vas i ve  ca pa c i t y  o f  
M ia Pa Ca T R - S l i t 2  a nd  Pa nc 1 T R - S l i t 2  ce l l s ,  u s i ng  Ma t r ig e l  c oa t ed  t r a ns we l l  
mem bra ne s .  No ta b ly ,  S l i t 2  i nd uc t io n  re su l t ed  i n  a  m ark ed  i nh ib i t i on  o f  
M ia Pa Ca T R - S l i t 2  a nd  Pan c1 T R - S l i t 2  t um or  ce l l  i n vas ion  b y  45  %  and  55  %,  
r esp ec t i ve l y  ( F ig u re  10A,  B) .  
 
III A S P C 1  m i g r a t i o n  e x p e r i m e n t  i n  f i g u r e  9 F  w a s  k i n d l y  p r o v i d e d  b y  M .  W e l ze l  
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F i g u r e  1 0 :  I n d u c i b l e  r e - e x p r e s s i o n  o f  S l i t 2  i n h i b i t s  i n v a s i o n  o f  P D AC  
c e l l  l i n e s  
( A,  B )  M i a P a C a T R - S l i t 2  a n d  P a n c 1 T R - S l i t 2  c e l l s  w i t h  i n d u c i b l e  S l i t 2  e x p r e s s i o n  
w e r e  p r e t r e a t e d  w i t h  1  µ g / m l  d o x yc yc l i n e  o r  v e h i c l e  f o r  4 8  h  a n d  s u b j e c t e d  
t o  t r a n s w e l l  i n v a s i o n  a s s a ys .  I n d u c i b l e  e x p r e s s i o n  o f  S l i t 2  i n h i b i t e d  i n v a s i o n  
o f  M i a P a C a T R - S l i t 2  ( A )  a n d  P a n c 1 T R - S l i t 2  ( B )  c e l l s ,  a s  c o m p a r e d  t o  v e h i c l e  
t r e a t e d  c o n t r o l s  ( n =3 ,  p = 0 . 0 3 4 ;  n = 4 ,  p = 0 . 0 0 4 2 ) .  
Our  f un c t io na l  da ta  so  f a r  r e vea le d  t h a t  r es to r ed  S l i t 2  e xp r ess ion  has  
t h e  c ap ac i t y  t o  re du ce  d i rec t ed  t umor  ce l l  m ig ra t i on  a nd  i n vas ion .  
Mo r eo ver ,  d i f f e renc es  i n  t h e  r esp ons e  t o  S l i t 2  s t imu la t i on  be t we e n  
Ro bo 1-com pet en t  a nd  Rob o1- de f i c i en t  ce l l s ,  an d  t he  f ac t  t h a t  S l i t 2 -
me d ia t ed  e f f ec t s  co u ld  b e  a b rog a t ed  v i a  a  so lub le  ne u t ra l i z i ng  Ro bo 1-
d ec o y  r ec ep to r  an d  s o lu b le  Ro bo 1- Fc  s t r ong l y  s ug ge s te d  t h a t  t he  
o bs er ved  S l i t 2  e f f e c t s  a r e  me d ia te d  v i a  d i r e c t  au t o - / pa rac r i ne  Ro bo-
d ep en de n t  me cha n ism s .  
 
3.2.4 Robo1 knockdown stimulates directed 
migration of PDAC cel ls 
 
Fo l lo w ing  t he se  ga in -o f - f un c t i on  s t ud ies ,  we  us ed  a  c omp lemen t a r y  
s t r a teg y ,  i . e .  f unc t io na l  d i s r up t i on  o f  S l i t - Rob o  s ig n a l i ng  b y  i n a c t i va t i on  
o f  e nd og en ou s  Rob o1 .  DANG  c e l l s  exp re ss  bo t h  t he  S l i t 2  l i g a nd  a nd  
t h e  Ro bo 1  r ec ep to r  a nd  h enc e  r ep res en t  a  su i t ab le  mo de l  f o r  a  
f unc t i on a l  i na c t i va t i o n  o f  S l i t 2 - Rob o1  s ig n a l ing  v ia  l en t i v i r a l -med ia te d  
k no ck do wn  o f  Rob o1 .  Immu no b lo t  a ss a ys  c on f i rm ed  th a t  l en t i v i r a l  
t r a ns du c t i on  o f  DANG ce l l s  w i t h  sh RNA ag a ins t  Ro bo 1  l e d  t o  a  mark ed  
r edu c t io n  o f  Rob o1  a s  c omp are d  t o  sc r amb le d  s hRNA (F ig u re  1 1A) .  Th e  
k no ck do wn  o f  Ro bo 1  r ec ep to r  i n  DANG  c e l l s  h ad  no  e f f ec t  o n  t umor  
c e l l  p r o l i f e ra t i on  ( F ig u re  11 B) ,  wh i ch  i s  co ns is t en t  w i t h  ou r  o bse r va t i on  
t h a t  r e -e xp r ess ion  o f  S l i t 2  d i d  no t  a l t e r  p r o l i f e ra t i on  o f  M ia PaCa  and  
Pa nc1  c e l l s .  Ho weve r ,  Rob o1  k no ck do wn  i n  DANG  c e l l s  dou b le d  t he  
d i r ec t ed  m ig ra t i on  i n  t r ans we l l  a ss a ys  ( F ig u r e  1 1C) ,  wh i c h  ag a in  i s  i n  
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g oo d  ag re eme nt  w i t h  t he  in h ib i t o r y  e f f ec t  ob ser ved  u po n  S l i t 2  re -
e xp r ess ion .  
 
F i g u r e  1 1 :  K n o c k d o w n  o f  R o b o 1  e n h a n c e s  d i r e c t e d  m i g r a t i o n  o f  P D AC  
c e l l  l i n e s  
( A)  L e n t i v i r a l  s h R N A - m e d i a t e d  k n o c k d o w n  o f  e n d o g e n o u s  R o b o 1  i n  D A N G  
c e l l s  w a s  c o n f i r m e d  u s i n g  i m m u n o b l o t t i n g  o f  w h o l e  c e l l  l ys a t e s .  ( B )  
D A N G R o b o 1 - K D  c e l l s  w i t h  l e n t i v i r a l - m e d i a t e d  R o b o 1  k n o c k d o w n  o r  s c r a m b l e d -
c o n t r o l s  ( s c r )  w e r e  p l a t e d  o n  c e l l  c u l t u r e  d i s h e s  a n d  c e l l  n u m b e r s  w e r e  
c o u n t e d  a t  t h e  i n d i c a t e d  t i m e  p o i n t s .  E x p e r i m e n t s  w e r e  c o n d u c t e d  t h r e e  
t i m e s ,  e a c h  i n  d u p l i c a t e s  ( n = 3 ,  p = 0 . 9 8 4 ,  A n o v a ) .  ( C )  R o b o 1  k n o c k d o w n  
e n h a n c e d  d i r e c t e d  m i g r a t i o n  o f  D A N G R o b o 1 - K D  c e l l s  i n  t r a n s w e l l  a s s a ys  a s  
c o m p a r e d  t o  s c r a m b l e d - c o n t r o l  ( n = 4 ,  p = 0 . 0 3 5 ;  A n o v a ) .   
 
Tog e th e r ,  t hes e  g a in -  an d  lo ss -o f - f un c t io n  s t ud ies  p rov id e  com pe l l i ng  
s up por t  f o r  a  f un c t io na l  r o le  o f  S l i t -Ro bo 1-s ig na l i ng  in  t he  c on t r o l  o f  
p an c re a t i c  ca ncer  c e l l  mo t i l i t y  v i a  a u toc r i ne  a nd /o r  p a ra c r i ne  
me ch an ism s .  
 
3.2.5 Tumor cel l  derived Sl i t2  inhibits  migration and 
lamell ipodia formation of endothel ial  cel ls 
 
S l i t 2  i s  a  s ec re t ed  a n d  d i f f us ib le  f ac to r  t h a t  ma y  a ls o  ac t  on  o th e r  c e l l  
t ype s  p r ese n t  w i t h i n  t h e  t um or  m ic r oen v i ro nme nt  i n  a dd i t i on  t o  i t s  
e f f ec t s  o n  ep i t he l ia l  t um or  c e l l s .  Amo ng  th es e  a r e  en do t he l i a l  c e l l s ,  
i n f l ammato r y  c e l l s ,  f i b r ob las t s  an d  n eu ron a l  c e l l s ,  wh ic h  e xp r ess  Robo  
r ece p to r s  a nd  t h us  m ig h t  r es po nd  to  s ec re t ed  S l i t 2  [ 1 73 ,  2 62-265 ] .  
S l i t 2  se c re t ed  f r om p anc r ea t i c  t umor  c e l l s  i s  p re se n te d  t o  s t r oma l  c e l l s  
i n  t h e  PDAC ce l l - sp ec i f i c  c on t e x t  o f  o th e r  g ro wt h  f ac to r s ,  c y t ok in es  and  
mat r i x  c ompo ne n ts ,  wh i ch  m a y  m od i f y  t h e  o ve r a l l  r es po ns e  t o  S l i t 2 .  
Ther e f o re ,  we  d ec id ed  t o  s tu d y  t he  e f f ec t  o f  M ia Pa Ca- de r i ve d  S l i t 2  on  
t h e  m ot i l i t y  o f  HUVEC c e l l s ,  wh i ch  e xp res s  Ro bo 1  an d  Ro bo 4 ,  an d  a re  
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h en ce  su i t a b le  t o  s t ud y  a ng io r eg u la to r y  e f f ec t s  o f  S l i t 2  o n  e nd o th e l ia l  
c e l l s  i n  v i t r o .   
 
En do t he l ia l  c e l l  m ig ra t io n  i n  res po ns e  t o  c hem otac t i c  g ra d ie n t s  
r eq u i r es  c y to sk e le ta l  r ea r r ang em ents  r es u l t i ng  i n  t he  f o rmat i on  o f  
l am e l l i po d ia  an d  f i l o po d ia .  I n  o rd e r  t o  d e te rm in e  wh e th e r  S l i t 2  
i n t e r f e res  w i t h  g rowt h  f ac to r  me d ia ted  c y to sk e le ta l  r e a r r ang eme nt ,  we  
me as ure d  t he  e f f e c t  o f  S l i t 2  o n  t h e  a bu nd an ce  o f  l am e l l i po d ia  
f o rmat io n  o f  i n d i v id ua l  HUVEC ce l l s  s t im u la te d  w i t h  VEGF.  T um or  ce l l -
d e r i ved  S l i t 2  im pa i r ed  VEGF- ind uce d  l am e l l i po d ia  f o rmat i o n  o f  HUVEC 
a s  i l l us t r a te d  b y  F -ac t i n  p o l ymer i za t io n  a nd  sp a t i a l  r e d is t r i bu t io n  o f  
c o r t a c t i n  (F ig u r e  12A- C) .   
Ne x t ,  we  e va lu a ted  wh e t he r  t um or -de r i ve d  S l i t 2  a f f ec t s  t he  d i r ec t ed  
m ig ra t io n  o f  e nd o th e l ia l  c e l l s  i n  t r a ns we l l  ass a ys  us i ng  FBS  as  a  
c hem oat t r ac ta n t .  Co ns is t en t  w i t h  a  r ep u ls i ve  e f f ec t  o f  t um or  c e l l  
d e r i ved  S l i t 2  o n  p an c re a t i c  ca ncer  c e l l  m ig ra t io n ,  S l i t 2 - co nd i t i o ned  
me d ia  f r om  s ta b l y  t r a ns f ec t ed  Mia PaCa S l i t 2  ce l l  cu l t u res ,  bu t  n o t  Mo ck -
c on t r o l  me d ium  imp a i re d  d i rec t ed  HUVEC m ig ra t io n  by  3 6  %  (F ig u r e  
1 2 D) .   
Ag a in ,  we  a im ed  to  a ss ess  wh e t he r  S l i t 2  d i r ec t l y  e xe r t s  r ep u ls i ve  
e f f ec t s  on  HUVEC o r  whe t he r  a n  i nd i r ec t  mec ha n ism a cc ou n ted  f o r  
d ec r ea se d  m ig ra t io n .  Henc e ,  t umor  c e l l  s up ern a ta n t s  we r e  in cu ba t ed  
w i t h  Ro bo 1-Fc ,  wh i c h  n eu t r a l i ze s  S l i t 2 ,  a nd  ap p l ie d  i n  HUVEC t ra ns we l l  
m ig ra t io n  as sa ys .  Seq u es t ra t i on  o f  S l i t 2  w i t h  s o lub le  Ro bo 1-Fc  i n  t h e  
t um or  ce l l  s up ern a ta n t  a b rog a t ed  t h e  re pu ls i ve  e f f ec t s  o n  e nd o th e l i a l  
c e l l  m ig ra t i on  ( F ig u re  12D) ,  i nd ic a t ing  t h a t  S l i t 2 -Rob o  i s  i ndeed  
r esp on s ib le  f o r  t h e  o bs er ved  in h ib i t o r y  f un c t i on s .  
As  o u r  da t a  ob t a in ed  w i t h  t um or  ce l l  de r i ve d  S l i t 2  o n  t h e  m ot i l i t y  o f  
e nd o th e l ia l  ce l l s  co n t ra s t s  w i t h  some  s t ud ies  t h a t  us ed  r ecom b inan t  
S l i t 2 ,  we  a ls o  de t e rm in ed  t h e  e f f ec t s  o f  p u r i f i ed  S l i t 2  in  o u r  s ys t em.  I n  
c on t r as t  t o  t he  obser ve d  in h ib i t o r y  e f f ec t  o n  p an c rea t i c  t um or  c e l l  
m ig ra t io n ,  pu r i f i e d  r ecom b in an t  S l i t 2N i nc r ea se d  t he  d i rec t ed  m ig ra t ion  
o f  HUVEC b y  4 3  %  ( F ig u r e  12E) .  Th us ,  d i sc r ep an t  d i r ec t  e f f ec t s  on  
e nd o th e l ia l  mo t i l i t y  we r e  o bser ve d  w i t h  p u r i f i e d  S l i t 2  a nd  pa nc re a t i c  
c an cer  c e l l - d e r i ve d  f u l l - l eng th  S l i t 2 ,  w i t h  t he  l a t t e r  e xh ib i t i ng  in h ib i t o r y  
e f f ec t s .   
As  f u l l - l e ng th  r ec omb inan t  S l i t 2  i s  d i f f i cu l t  t o  p u r i f y  ( p e rs ona l  
c ommu n ica t i on  w i t h  Pro f .  J .  W u;  Nor th we s te r n  Un i ve r s i t y ,  Ch ic ag o ,  I L ,  
USA) ,  comm erc ia l l y  a va i l a b le  r ecom b in an t  S l i t 2  p ro te i ns  f r om 
c ommerc ia l  s ou r ces  c o r re spo nd  to  t he  N - te rm in a l  c l ea vag e  p r oduc t .  I n  
c on t r as t ,  o u r  t umor  ce l l  d e r i ve d  S l i t 2  s up ern a ta n t  co ns i s ted  o f  f u l l -
l e ng th  S l i t 2  an d  a  c e r ta in  p ro por t i on  o f  S l i t 2 N.  Bo th ,  f u l l - l eng th  S l i t 2  
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a nd  t h e  N- t e rm ina l  f r ag ment  wer e  sho wn  t o  b in d  t o  Rob o1  and  Ro bo 2  
w i t h  s im i la r  Kd  va lu es  bu t  m a y h a ve  d i ve rg ing  b io l og ic a l  e f f ec t s  [ 16 2 ] .   
I n  o rd e r  t o  f u r t h e r  e l uc id a te  d isc r ep an t  r es u l t s  w i t h  d i f f e re n t  S l i t 2  
p rep ara t i on s ,  we  g en era t ed  Mia Pa Ca T R - S l i t 2 N  c l one s  w i t h  in duc ib le  
e xp r ess ion  o f  S l i t 2 N.  Expr ess ion  an d  se c re t i on  o f  t h e  N- t e rm ina l  
f r ag ment  up on  do xyc yc l in e  adm in is t r a t io n  wer e  c on f i rm ed  i n  t he  
s up ern a ta n t  o f  t he  r esp ec t i ve  ce l l  c lon es  [ p l ea se  re f e r  t o  Su pp l .  F ig u re  
4 ] .  Cur re n t l y ,  we  we r e  a b le  t o  c ha r ac t e r i ze  o ne  Mia PaCa T R - S l i t 2 N  c lo ne  
w i t h  co n f i rmed  e xp res s io n  o f  t he  N- te rm ina l  c le a vag e  p ro du c t  a nd  
c omp are d  i t  w i t h  t h e  Mia Pa Ca T R - S l i t 2  c l on e .  W e u t i l i zed  an  e nd o th e l ia l  
c e l l  t r an s we l l  m ig ra t i on  ass a y  w i t h  mo d i f i e d  e xper imen t a l  p r o to co l ,  i n  
wh i c h  a  s ta b le  g r ad ien t  o f  S l i t 2  i s  es t ab l i s hed  b y  cu l t u r ing  
Mia Pa Ca T R - S l i t 2  o r  M ia Pa Ca T R - S l i t 2 N  i n  t h e  l o wer  c omp ar tme n t  (F ig u re  
1 2F ,  G ) .  I n t e re s t ing l y ,  S l i t 2 N m ore  t h an  do ub le d  t he  m ig ra t io n  o f  
HUVEC ce l l s  u nde r  t h ese  e xp er ime n ta l  co nd i t i o ns  (F ig u r e  12G)  in  
c on t r as t  t o  t h e  c on s is te n t  an d  p r e v io us l y  o bser ve d  in h ib i t o r y  e f f ec t  o f  
t h e  f u l l - l eng th  p r o te i n  ( F ig u re  12F) .  Ag a in  adm in i s t ra t io n  o f  Ro bo 1-Fc  
a b rog a t ed  t he  i nh ib i t o r y  e f f ec t  o f  f u l l - l e ng th  S l i t 2  (F ig u r e  1 2F) .  
He nce ,  t he se  da t a  i n d ic a te  d i ve rg e n t  e f f ec t s  o f  S l i t 2  o n  e nd o th e l ia l  
c e l l s  an d  s ugg es t  p roc ess ing  o f  S l i t  p ro te i ns  as  an  im po r tan t  m od i f i e r  
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F i g u r e  1 2 :  T u m o r  d e r i v e d  S l i t 2  i n h i b i t s  l a m e l l i p o d i a  f o r m a t i o n  a n d  
m i g r a t i o n  o f  e n d o t h e l i a l  c e l l s  i n  v i t r o  
( A- C )  S l i t 2  c o n d i t i o n e d  m e d i u m  f r o m  M i a P a C a S l i t 2  c e l l s  a b r o g a t e d  V E G F -
i n d u c e d  l a m e l l i p o d i a  f o r m a t i o n ,  F - a c t i n  p o l ym e r i za t i o n  a n d  s p a t i a l  
r e d i s t r i b u t i o n  o f  c o r t a c t i n .  A r r o w h e a d s  d e p i c t  l a m e l l i p o d i a .  A b u n d a n c e  o f  
l a m e l l i p o d i a  w a s  q u a n t i f i e d  a s  p e r c e n t  o f  t o t a l  H U V E C  c e l l  p e r i m e t e r .  A  t o t a l  
o f  n = 9 5 - 1 2 0  i n d i v i d u a l  e n d o t h e l i a l  c e l l s  o u t  o f  t h r e e  i n d e p e n d e n t  
e x p e r i m e n t s  w e r e  a n a l yze d  ( p < 0 . 0 0 0 1 ,  A n o v a ) .  S c a l e  b a r  i s  1 0  µm .  C o r t a c t i n  
( g r e e n )  a n d  p h a l l o i d i n  ( r e d )  i m m u n o f l u o r e s c e n c e  s t a i n i n g  d i s p l a ye d  
f o r m a t i o n  o f  l a m e l l i p o d i a  i n  H U V E C  f o l l o w i n g  V E G F  s t i m u l a t i o n  ( 5 0  n g / m l ) .  
( D )  H U V E C  w e r e  s u b j e c t e d  t o  t r a n s w e l l  a s s a ys ,  a n d  m i g r a t i o n  t o w a r d s  a  
c h e m o a t t r a c t a n t  g r a d i e n t  ( 2  %  F B S )  w a s  e v a l u a t e d  i n  t h e  p r e s e n c e  o f  S l i t 2  
o r  M o c k  c o n d i t i o n e d  m e d i a  d e r i v e d  f r o m  s t a b l y  t r a n s f e c t e d  M i a P a C a S l i t 2  o r  
M i a P a C a M o c k  c l o n e s ,  r e s p e c t i v e l y ,  a n d  a d d e d  i n  t h e  l o w e r  c h a m b e r .  S l i t 2  
c o n d i t i o n e d  m e d i u m  r e p e l l e d  H U V E C  m i g r a t i o n  ( n = 4 ,  * p = 0 . 0 0 7 6 ) .  
A d m i n i s t r a t i o n  o f  R o b o 1 - F c  a b r o g a t e d  t h e  e f f e c t s  o f  S l i t 2 - c o n d i t i o n e d  
m e d i u m  ( n = 4 ,  # p = 0 . 0 2 1 ) .  ( E )  A d m i n i s t r a t i o n  o f  r e c o m b i n a n t  h u S l i t 2 N  
e n h a n c e d  d i r e c t e d  m i g r a t i o n  o f  H U V E C  c e l l s ,  c o m p a r e d  t o  c o n t r o l  c e l l s  ( n = 4 ,  
p = 0 . 0 2 7 ) .  ( F ,  G )  M i a P a C a  c e l l  c l o n e s  w i t h  d o x yc yc l i n e - i n d u c i b l e  e x p r e s s i o n  
o f  e i t h e r  f u l l - l e n g t h  S l i t 2  ( A ;  M i a P a C a T R - S l i t 2 )  o r  t h e  N - t e r m i n a l  S l i t 2  
f r a g m e n t ,  S l i t 2 N  ( B ;  M i a P a C a T R - S l i t 2 N ) ,  w e r e  c u l t u r e d  i n  t h e  l o w e r  c h a m b e r  o f  
t r a n s w e l l s  d u r i n g  t h e  m i g r a t i o n  e x p e r i m e n t  t o  p r o v i d e  a  s t e a d y  s u p p l y  o f  
S l i t 2 .  H U V E C  w e r e  s u b j e c t e d  t o  t h e  u p p e r  t r a n s w e l l  c h am b e r ,  a n d  m i g r a t i o n  
t o w a r d s  c h e m o a t t r a c t a n t  g r a d i e n t s  ( 2  %  F B S )  w a s  e v a l u a t e d  i n  t h e  p r e s e n c e  
o f  t u m o r  c e l l  r e l e a s e d  S l i t 2  o r  S l i t 2 N ,  r e s p e c t i v e l y .  O f  n o t e ,  c o n t i n u o u s  
e x p r e s s i o n  o f  S l i t 2 N  i n  t h e  l o w e r  c h a m b e r  s u b s t a n t i a l l y  s t i m u l a t e d  H U V E C  
m i g r a t i o n  ( G ;  n = 5 ,  * p = 0 . 0 3 4 )  w h e r e a s  p r o d u c t i o n  o f  f u l l - l e n g t h  S l i t 2  p r o t e i n  
l e d  t o  i n h i b i t i o n  o f  H U V E C  m i g r a t i o n  ( F ;  n = 7 ,  * p = 0 . 0 0 0 3 ) .  A d d i n g  R o b o 1 - F c  
( 1 0  µ g / m L )  a b r o g a t e d  t h i s  e f f e c t  ( F ;  n = 3 ,  # p = 0 . 0 1 7 ) .   
 
3.3 Functional  characterizat ion of Sl i t2 mediated 
effects on PDAC in vivo 
 
So  f a r ,  o u r  g a in -  a nd  lo ss - o f - f unc t ion  e xp er ime n ts  d emo ns t r a te d  t ha t  
S l i t - Rob o  s ig n a l i ng  i s  ab le  t o  reg u la te  t umor  c e l l  m ig ra t io n  and  
i n va s ion  i n  v i t r o ,  s ug g es t ing  t h a t  S l i t 2 - Ro bo  m a y a l so  co n t ro l  
me t as t a t i c  c ap ac i t y  i n  v i vo .  Mo r eo ver ,  ou r  i n  v i t r o  e xpe r im en t s  u s ing  
t um or -d e r i ved  S l i t 2  a l s o  s up por t  a n  ang io r eg u la t o r y  e f f ec t  o f  t he  S l i t 2 -
Ro bo  s ys t em.   
To  e va lua t e  t h e  ro l e  o f  S l i t 2 - Rob o  i n  v i vo ,  we  p e r f o rme d  o r t ho t op ic  
p an c re a t i c  t umor  s tu d ie s  in  m ice .  I n  t he se  o r t ho t op ic  mo us e  mo de ls ,  
t um or  c e l l s  a re  i n j e c te d  d i re c t l y  i n t o  t h e  p h ys io log i ca l  e n v i r onment  o f  
t h e  p an c re as  a l lo w ing  t um or  c e l l - h os t  i n te r ac t io ns ,  i n vas ion  i n to  
a d ja ce n t  o rg an s  an d  t h e  de ve lo pme nt  o f  d i s t an t  me t as ta se s  [ 53 ,  266 ] .  
He nce ,  t h e  o r t ho to p ic  xe nog ra f t  m od e l  i s  su i t a b le  t o  e va lua t e  t he  
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f unc t i on  o f  t h e  S l i t 2 -Rob o  s ys t em i n  t h e  o rg a n-sp ec i f i c  c on t e x t  o f  t he  
p an c re as .  
 
3.3.1 Inducible expression of Sl i t2  in orthotopic 
xenografts 
 
To  e xp er ime n ta l l y  a d dres s  S l i t 2  e f f ec t s  o n  PDAC g ro wth  and  
p rog res s io n  i n  v i v o ,  M ia Pa Ca T R - S l i t 2  c e l l s  wer e  im p la n te d  i n  t he  he ad  o f  
t h e  pa nc r eas  o f  SCI D  b e ig e  m ic e  ( f o r  d e ta i l ed  i n f o rmat i on ,  p l eas e  re f e r  
t o  2 . 5 .3 ) .  M i c e  wer e  ra nd omize d  and  t r ea t ed  e i t h e r  w i t h  d o xyc yc l i ne  
a dm in is t e re d  v i a  t h e  d r ink i ng  wa te r  t o  i n duc e  S l i t 2  e xp r ess ion  o r  w i t h  
s uc r ose  a s  c on t r o l .  A t  t he  en d  o f  t h e  e xp er ime n t ,  p ro t e in  l ys a te s  were  
p rep are d  f r om  p r ima r y  t umors ,  a nd  i nd uc t i on  o f  S l i t 2  wa s  co n f i rme d  b y  
immu no b lo t t i ng .  I nd ee d ,  an t i bo d ies  ag a in s t  t he  m yc- tag  d e te c te d  ba nds  
a t  t he  e xp ec t ed  s i ze  o f  2 00  k Da  in  t um ors  f r om do xycyc l i ne  t r ea t ed  
a n ima ls ,  wh ere as  n o  b and s  we re  d e te c te d  i n  t he  c on t r o l  g ro up  (F ig u re  
1 4 A) .  
 
3.3.2 Re-expression of  Sl i t2  in PDAC cel ls  inhibits 
growth invasion and metastasis 
 
4 9  da ys  f o l l o w ing  t umor  c e l l  imp lan t a t io n  a l l  m ic e  exh ib i t ed  t umor  
g ro wth  a t  t he  s i t e  o f  t umor  ce l l  i n j ec t i on  i nd i ca t ing  suc ces s f u l  t umor  
c e l l  e ng ra f tmen t  o f  M ia Pa Ca T R - S l i t 2  (F ig u r e  1 3 A,  B) .  Qu an t i f i c a t io n  o f  
t um or  g ro wt h  re vea led  t ha t  m ea n  we ig h t± SEM o f  co n t r o l  t umor s  was  
1 14 8 .8  mg  ±  93  a s  c omp are d  t o  8 59 . 8  mg  ±  5 5  i n  t umors  w i t h  i nd uc t ion  
o f  S l i t 2  e xp re ss ion  (F ig u r e  1 3C) .  Th us ,  e va lu a t i on  o f  t umor  we ig h t  
r e ve a le d  a  mo der a te  b u t  s ig n i f i c an t  r e du c t io n  o f  p r im ary  t um or  g ro wth  
b y  S l i t 2 .   
Ch ara c te r i s t i c  f o r  t h e  p rog re ss  o f  p anc rea t i c  ca nce r  i s  t he  loc a l  
i n va s ion  i n to  a d ja ce n t  o rg a ns  a nd  ea r l y  l ym ph a t i c  me tas t as is  o f  t umor  
c e l l s .  Th ere f o re ,  we  i n ves t ig a t ed  t he  e f f ec t  o f  S l i t 2  on  t h es e  pa t ho log ic  
p a ram ete r s  i n  v i vo .  I n  t h e  g rou p  w i t h  i nd uce d  S l i t 2  e xp r ess ion ,  we  
n o te d  a  r ed uc t io n  o f  i n va s io n  i n to  duo de num  b y  8 0  %  an d  in vas ion  in to  
t h e  s t omac h  was  ab se n t  (F ig u r e  1 3J ,  K ) .  
The  oc cu r r en ce  o f  l ym ph a t i c  a nd  hemat og en ou s  met as tas i s  co n t r ib u tes  
t o  d is ea se  r ec u r ren ce  i n  pa t ie n t s  wh o  u nd er wen t  su rg e r y .  T o  a sse ss  
t h e  in c id enc e  o f  me t as t as is  i n  t h e  o r t h o to p i c  xen ogr a f t  mod e l  we  
r emo ved  t he  wh o le  c o lo n  a lo ng  w i t h  t h e  me se n te r y  i n  su ch  a  wa y  t ha t  
we  c ou ld  ea s i l y  co un t  m ac ro sc op ic a l l y  v i s i b le  t um or  no du les  (F ig u re  
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1 3 D,  E) .  Th e  q uan t i f i ca t io n  o f  t umo r  n odu les  i nd ic a te d  s ub s ta n t i a l  
r edu ce d  ab dom ina l  me t as ta s is  o f  t umo rs  w i t h  S l i t 2  e xp re ss ion  b y  57  % 
( F ig u r e  13F) .  Fu r th e rmor e ,  an  a na l ys i s  o f  r e t r op er i t o ne a l  l ym ph  n od es  
i n  o u r  o r t h o to p ic  t umor  mo de l  r eve a led  a  re duc ed  i n c i den ce  o f  
me t as t as is  i n  xe nog ra f t s  w i t h  in du c t ion  o f  S l i t 2  e xp r ess io n  com par ed  t o  
t h e  c on t r o ls  b y  7 2  % ( F ig u r e  1 3L) .   
 
F i g u r e  1 3 :  I n d u c i b l e  r e - e x p r e s s i o n  o f  S l i t 2  i n h i b i t s  m e t a s t a t i c  s p r e a d ,  
i n v a s i o n  a n d  a n g i o g e n e s i s  o f  o r t h o t o p i c  P D AC  t u m o r s  i n  v i v o  
( A- F )  M i c e  w e r e  o r t h o t o p i c a l l y  i m p l a n t e d  i n  t h e  h e a d  o f  t h e  p a n c r e a s  w i t h  
d o x yc yc l i n e - i n d u c i b l e  M i a P a C a T R - S l i t 2  c l o n e s  a n d  t r e a t e d  w i t h  v e h i c l e  ( A ,  D ,  
G ;  v e h i c l e ) ,  o r  d o x yc yc l i n e  ( B ,  E ,  H ;  D o x :  2  m g / m l  v i a  d r i n k i n g  w a t e r ) .  
I n d u c t i o n  o f  S l i t 2  i n  t u m o r s  w a s  c o n f i r m e d  b y  d e t e c t i n g  t h e  a b u n d a n c e  o f  
F l a g - t a g g e d  S l i t 2  i n  i m m u n o b l o t s  o f  t u m o r  l ys a t e s  ( F i g u r e  1 4 A ) .  S h o w n  a r e  
r e p r e s e n t a t i v e  p i c t u r e s  w i t h  p r i m a r y  p a n c r e a t i c  t u m o r s  i n  s i t u  ( A ,  B ;  w h i t e  
a r r o w h e a d s )  a n d  t h e  e x c i s e d  m e s e n t e r i e s  ( D ,  E )  w i t h  m e s e n t e r i c  m e t a s t a s i s  
( D ;  ye l l o w  a r r o w h e a d s )  f r o m  v e h i c l e  ( n = 1 3 )  o r  d o x yc yc l i n e - t r e a t e d  m i c e  
( n = 1 1 ) ,  r e s p e c t i v e l y .  ( C )  E v a l u a t i o n  o f  p r im a r y  t u m o r  w e i g h t  ( p = 0 . 0 1 8 ,  
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M a n n -W h i t n e y  t e s t ) .  ( F ,  J - L )  B a r  g r a p h s  s u m m a r i ze  t h e  i n c i d e n c e  o f  
h i s t o l o g i c a l l y  c o n f i r m e d  m e s e n t e r i c  m e t a s t a s i s  ( F ;  p = 0 . 0 3 3 ) ,  t u m o r  i n v a s i o n  
i n t o  d u o d e n u m  ( J ;  p = 0 . 0 0 0 5 )  a n d  s t o m a c h  ( K ;  p = 0 . 0 0 2 ) ,  a n d  m e t a s t a t i c  
s p r e a d  i n t o  r e t r o p e r i t o n e a l  l ym p h  n o d e s  ( L ;  p = 0 . 0 0 0 2 ) ;  a l l  F i s h e r ’ s  e x a c t  
t e s t .  ( G ,  H )  R e p r e s e n t a t i v e  I m m u n o h i s t o c h e m i c a l  s t a i n i n g  o n  p r i m a r y  t u m o r  
s e c t i o n s  f o r  C D 3 1  f r o m  a  v e h i c l e  a n d  d o x yc yc l i n e  t r e a t e d  a n i m a l .  
A r r o w h e a d s  d e p i c t  t u m o r  v e s s e l s .  S c a l e  b a r  i s  2 0 0  µm .  ( I )  B a r  g r a p h  
r e p r e s e n t s  q u a n t i f i c a t i o n  o f  m i c r o v e s s e l  d e n s i t i e s  i n  p r i m a r y  t u m o r s  b a s e d  
o n  C D 3 1  i m m u n o r e a c t i v i t y  i n  v e h i c l e  ( G )  a n d  d o x yc yc l i n e  ( H )  t r e a t e d  t u m o r -  
b e a r i n g  a n i m a l s  ( n =1 2 ,  v e h i c l e - t r e a t e d ;  n = 1 1 ,  D o x - t r e a t e d ;  p = 0 . 0 3 6 ) .  
 
As  d i f f e re nc es  in  t h e  e x te n t  o f  me t as t as is  m ig h t  be  se co nd ar y  t o  
d i f f e re nc es  in  p r imar y  t um or  g ro wth ,  we  pe r f o rme d  a na l ys is  on  s i ze -
mat ch ed  t umor s .  Th us  n=7  d o xyc yc l in e -  a nd  n= 7  ve h i c le - t r ea ted  
Mia Pa Ca T R - S l i t 2  t umor s  were  pa i r ed  a cc o rd ing  t o  t umor  we ig h t  and  
s ub seq u en t l y  e xam in ed  f o r  ab dom in a l  me ta s tas i s  and  no da l  s p re ad  
( F ig u r e  14B,  C ) .  Eve n  i n  s i ze -mat ch ed  t umor s ,  t he  i nc i de nce  o f  
a bd om in a l  me t as t as i s  wa s  s ig n i f i c an t l y  r e du ce d  b y  83  % ( F ig u re  1 4D) .  
L i k e w is e ,  i n c i de nce  o f  no da l  sp r ea d  i n  t h e  do xyc yc l ine - t r ea t ed  m ice  
d ec r ea se d  t o  1 4 .3  %,  whe rea s  a l l  ve h ic l e  t r ea t ed  an ima l s  d is p l a yed  
l ym ph a t i c  n od a l  sp r ead  ( F ig u re  14E) .  
The se  d a ta  dem ons t r a te  t ha t  t h e  S l i t 2 -Rob o  s ys tem  h as  a  s ig n i f i can t  
e f f ec t  on  t h e  in vas ion  an d  met as t as i s  o f  pa nc re a t i c  ca nc er  c e l l s  and  
t h us  d ec is i ve l y  in f lu en ce s  t hos e  f ac t o rs  t h a t  a re  ma in l y  r esp on s ib le  f o r  
t h e  p oor  p rog n os is  i n  t h i s  t um or  e n t i t y .   
 
 
F i g u r e  1 4 :  I n d u c i b l e  r e - e x p r e s s i o n  o f  S l i t 2  i n h i b i t s  i n v a s i o n ,  m e t a s t a s i s  
a n d  a n g i o g e n e s i s  i n  s i z e - m a t c h e d  o r t h o t o p i c  p a n c r e a t i c  t u m o r s  
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( A)  I m m u n o b l o t  d e t e c t s  F l a g -  a n d  m yc - t a g g e d  S l i t 2  p r o t e i n  i n  l ys a t e s  o f  
M i a P a C a T R - S l i t 2  t u m o r s  f r o m  m i c e  t r e a t e d  w i t h  2  m g / m l  d o x yc yc l i n e  v i a  
d r i n k i n g  w a t e r  ( D o x ) ,  b u t  n o t  f r o m  ve h i c l e - t r e a t e d  c o n t r o l  m i c e .  β - a c t i n  
r e a c t i v i t y  w a s  d e t e r m i n e d  f r o m  t h e  s a m e  l ys a t e s .  L ys a t e s  f r o m  d o x yc yc l i n e -
t r e a t e d  M i a P a C a T R - S l i t 2  c e l l s  s e r v e d  a s  p o s i t i v e  c o n t r o l  ( c t r . ) .  ( B ,  C )  V e h i c l e -  
a n d  d o x yc yc l i n e - t r e a t e d  t u m o r s  w e r e  s i ze - m a t c h e d  a c c o r d i n g  t o  t u m o r  
w e i g h t .  S h o w n  i s  t h e  r e p r e s e n t a t i o n  o f  t u m o r  w e i g h t  o f  n = 7  s i ze - m a t c h e d  
v e h i c l e -  a n d  d o x yc yc l i n e - t r e a t e d  t u m o r  p a i r s  ( B )  a n d  r e s p e c t i v e  t u m o r  
w e i g h t  i n  t h e  p a i r e d  v e h i c l e -  a n d  d o x yc yc l i n e - t r e a t e d  g r o u p  ( C ;  p = 0 . 9 4 7 ;  
p a i r e d  t - t e s t ) .  ( D ,  E )  M e t a s t a s i s  t o  t h e  m e s e n t e r y  a n d  l y m p h  n o d e s  w e r e  
e v a l u a t e d  i n  s i ze - m a t c h e d  t u m o r s .  S h o w n  a r e  c o n t i n g e n c y  g r a p h s  o f  t h e  
i n c i d e n c e  o f  m e s e n t e r i c  m e t a s t a s i s  ( D ;  p = 0 . 0 2 9 )  a n d  m e t a s t a t i c  s p r e a d  t o  
r e t r o p e r i t o n e a l  l ym p h  n o d e s  ( E ;  p = 0 . 0 0 4 7 ) ;  a l l  F i s h e r ’ s  e x a c t  t e s t .  ( F ,  G )  
C D 3 1 - p o s i t i v e  m i c r o - v e s s e l  d e n s i t i e s  i n  p a i r e d  v e h i c l e -  a n d  d o x yc yc l i n e -
t r e a t e d  t u m o r s  w e r e  q u a n t i f i e d  a n d  r e p r e s e n t e d  f o r  e a c h  t u m o r  p a i r  ( F )  a n d  
a s  m e a n s ± S E M  p e r  g r o u p  ( G ;  n = 7 ,  p = 0 . 0 1 6 ;  p a i r e d  t - t e s t ) .  
 
3.3.3 Re-expression of  Sl i t2  in PDAC cel ls  impairs 
tumor angiogenesis 
 
Our  e xp r ess ion  d a ta  c on f i rme d  t he  p re se nc e  o f  Ro bo 4  in  b l oo d  ves se ls  
o f  non - t ran s f o rmed  pa nc re as  a nd  p anc r ea t i c  c an ce r  s pe c imens .  
Fu r th e rmor e ,  ou r  i n  v i t r o  e xper im en ts  s ug g es te d  a  co n te x t -d ep en den t  
f unc t i on a l  r o le  o f  S l i t 2 - Ro bo  s ig na l ing  in  en do t he l ia l  ce l l s .   
Fo r  e va lu a t io n  o f  t um or  a ng iog e ne s is  i n  o u r  o r t ho t op ic  PDAC m od e ls ,  
we  s t a in ed  s ec t io ns  o f  f r o zen  t i ss ue  w i t h  e nd o th e l i a l  spe c i f i c  CD31  a nd  
q ua n t i f i e d  b l oo d  ve ss e ls  b as ed  on  m ic r o - ve ss e l  d ens i t i e s  ( veh ic l e -
t r e a te d :  n=1 2 ;  Do x - t re a te d :  n=1 1) .  Q ua n t i f i ca t i on  o f  a ng iog e ne s is  
r e ve a le d  t ha t  m ic ro - ve sse l  de ns i t i e s  we r e  r ed uc ed  in  M ia Pa Ca T R - S l i t 2  
t um ors  w i t h  S l i t 2  ind uc t i on  b y  3 7  % (F ig u re  13G- I ) .   
S i nc e  t umor  s i ze  m ig h t  ha ve  a n  impa c t  on  a ng iog en es is ,  we  a na l yze d  
wh e th e r  t he  re duc t i o n  i n  m ic r o - vess e l  d e ns i t i e s  r ea ch ed  s ig n i f i can ce  in  
s i ze -mat ch ed  t umors  ( n=7 ,  ve h ic le - t r e a te d ;  n= 7 ,  Do x - t re a te d ) .  I n de ed ,  
e ve n  i n  t he  s i ze -matc he d  an a l ys i s ,  m ic ro ve sse l  d en s i t i es  were  
d im in i sh ed  b y  42  %  in  xe nog ra f t s  w i t h  i nd uc t io n  o f  S l i t 2  (F ig u re  14F ,  
G ) ,  t hus  s up por t ing  a n  i nh ib i t o r y  e f f e c t  o f  S l i t 2  on  t umo r  a ng iog en es is  
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3.3.4 Knockdown of Robo1 in PDAC cel ls  promotes 
invasion and metastasis 
 
So  f a r  we  e va lua te d  t he  ro l e  o f  S l i t - Ro bo  in  p anc r ea t i c  c anc er  us ing  
c e l l s  w i t h  ec to p ic  S l i t 2  e xp r es s ion .  I n  o r de r  t o  s tu d y  o r t ho t op i c  
xe n og ra f t s  w i t h  e nd og en ou s  S l i t 2  e xp r ess ion ,  we  u se d  DANG  ce l l s  w i t h  
l e n t i v i r a l -m ed ia t ed  Ro bo 1  k n ock do wn  ( f o r  de t a i led  i n f o rmat i on ,  p l ea se  
r e f e r  t o  2 .5 . 3 ) .  Th es e  DANG  ce l l s  e xp re ss  en dog e no us  S l i t 2 ,  t hus  
p ro v id ing  p h ys io log i c  S l i t 2  l e ve l s .  Co ns eq ue n t l y ,  Ro bo1  k no ck do wn  i n  
t h es e  ce l l s  d i s r up te d  a n  a u toc r i ne /  p a ra c r in e  S l i t 2 - Ro bo 1  s ig na l ing  
l o op .   
Fo r  t umor  c e l l  i n j e c t io n  in t o  t h e  p an c re as  o f  SCI D  be ig e  m ice ,  t he  
s ame  DANG R o b o 1 - K D  c e l l  p op u la t i on  w i t h  co n f i rmed  Rob o1  k nock d o wn 
wa s  us ed ,  wh i ch  ha d  b ee n  a l r ea d y  ch ara c te r i zed  i n  v i t r o .  DANG  ce l l s  
t r e a te d  w i t h  sc r amb led  s h RNA s e r ved  as  c on t r o ls  ( DANG S c r ) .  Tumors  
we r e  h a r ves te d  a f te r  2 3  d a ys ,  an d  t um or  g ro wth ,  l o ca l  i n va s ion  i n to  
a d ja ce n t  o rg a ns ,  an d  met as t as is  were  e va lu a te d  (n= 11 ,  DANG R o b o 1 - K D ;  
n =10 ,  DANG S c r ;  F igu re  1 5 ) .  
D i s ru p t io n  o f  S l i t 2 - Ro bo  s ig n a l ing  i n  DANG  ce l l s  d id  no t  s ig n i f i ca n t l y  
i n c re as e  t umor  g rowt h  ( F ig u re  15A-C)  bu t  e nh an ce d  loc a l  i n vas ion  o f  
DANG R o b o 1 - K D  ce l l s  i n to  du od en um  an d  s t oma ch  b y  70  %  an d  8 4  %,  
r esp ec t i ve l y  (F ig u re  15J , K) .  Fu r th e rmo re ,  t h e  in c id enc e  a nd  t he  e x t en t  
o f  me t as t as is  we re  s u bs t an t ia l l y  i n c rea se d  b y  f u nc t io na l  i n ac t i va t io n  o f  
S l i t 2  s ig na l ing  v i a  Ro bo 1  r ece p to r  k no ck do wn  i n  DANG R o b o 1 - K D  ce l l s  b y  
3 3  %  an d  7 0  %,  r esp ec t i ve l y ,  as  com par ed  t o  sc ramb led  co n t ro ls  
( F ig u r e  1 5F ,  L ) .   
S i nc e  t h e  e xp res s io n  o f  S l i t 2  i n  t h i s  e xp er im en t a l  ap p ro ac h  rema ined  
u nc ha ng ed  in  bo t h  c on d i t i on s ,  a  s ys tem ic  e f f ec t  o n  s t r oma l  c e l l s  i n  t he  
t um or  m ic ro en v i r onme nt  was  n o t  e xpec t ed .  I n  g o od  ag reem ent  w i t h  t h i s  
n o t io n ,  t he  lo ss  o f  Ro bo 1  i n  DANG R o b o 1 - K D  c e l l s  had  no  e f f ec t  on  
a ng iog en es is  a s  wa s  e v id en t  b y  u nc ha ng ed  m ic r o ve ss e l  de ns i t i es  
( F ig u r e  1 5G- I ) .   
Tak en  t og e th e r ,  bo t h  e xp er ime n ta l  g a in -  an d  lo ss - o f - f u nc t i on  s tu d ies  
s t r ong l y  s up por t  t h e  n o t io n  o f  S l i t 2 - Ro bo 1  as  a  su ppr ess i ve  l i g a nd-
r ece p to r  s ys tem  w i t h  r ep u l s i ve  f unc t io n  f o r  i n vas ion  a nd  met as t as is  o f  
p an c re a t i c  c an cer  c e l l s  i n  v i vo .  
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F i g u r e  1 5 :  R o b o 1 - k n o c k d o w n  e n h a n c e s  i n v a s i o n  a n d  m e t a s t a s i s ,  b u t  
d o e s  n o t  a f f e c t  a n g i o g e n e s i s  o f  o r t h o t o p i c  p a n c r e a t i c  t u m o r s   
( A- F )  O r t h o t o p i c  t u m o r s  d e r i v e d  f r o m  D A N G R o b o 1 - K D  c l o n e s  w i t h  l e n t i v i r a l -
s h R N A  m e d i a t e d  R o b o 1  r e c e p t o r  k n o c k d o w n  ( n = 1 1 ,  s h R N A  R o b o 1 )  a n d  
r e s p e c t i v e  s h R N A - s c r a m b l e d  c o n t r o l  c l o n e s  ( n = 1 0 ,  s h R N A  s c r a m b l e d )  w e r e  
g r o w n  o r t h o t o p i c a l l y  i n  m i c e .  S h o w n  a r e  r e p r e s e n t a t i v e  i l l u s t r a t i o n s  o f  
p a n c r e a t i c  t u m o r s  i n  s i t u  ( A ,  B ;  w h i t e  a r r o w h e a d s )  a n d  e x c i s e d  m e s e n t e r i e s  
w i t h  m e s e n t e r i c  m e t a s t a s i s  f r om  m i c e  b e a r i n g  s c r a m b l e d  c o n t r o l  t u m o r s  ( D ,  
E )  o r  R o b o 1  k n o c k d o w n  D A N G R o b o 1 - K D  t u m o r s  ( B , D ;  ye l l o w  a r r o w h e a d s  i n  D  
a n d  r e d  a r r o w h e a d s  i n  B ) .  ( C ,  F )  O r t h o t o p i c  t um o r s  w e r e  e v a l u a t e d  f o r  t u m o r  
w e i g h t  ( C ;  p = 0 . 1 7 0 )  a n d  m e t a s t a s i s  t o  m e s e n t e r i e s  ( F ;  p = 0 . 0 3 5 ) .  ( J - L )  
C o n t i n g e n c y  g r a p h s  s h o w  i n c i d e n c e  o f  t u m o r  i n v a s i o n  i n t o  d u o d e n um  ( J ;  
p = 0 . 0 0 7 5 )  a n d  s t o m a c h  ( K ;  p = 0 . 0 2 4 ) ;  a l l  F i s h e r ’ s  e x a c t  t e s t .  ( L )  N u m b e r s  o f  
a b d o m i n a l  m e t a s t a s e s  i n c r e a s e d  i n  D A N G R o b o 1 - K D  t u m o r - b e a r i n g  a n i m a l s  ( L ;  
p = 0 . 0 1 6 ;  M a n n -W h i t n e y  t e s t ) .  ( G - I )  T u m o r s  s e c t i o n s  w e r e  s t a i n e d  f o r  C D 3 1  
t o  a n a l yze  m i c r o - v e s s e l  d e n s i t i e s ,  a n d  r e p r e s e n t a t i v e  p i c t u r e s  a r e  s h o w n .  
A r r o w h e a d s  d e p i c t  t u m o r  v e s s e l s .  ( F )  C D 3 1 - p o s i t i v e  m i c r o - ve s s e l  d e n s i t y  i n  
D A N G R o b o 1 - K D  t u m o r s  v e r s u s  s c r a m b l e d - c o n t r o l s  ( p = 0 . 3 2 3 ) .  
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3.3.5 Sequestration of  Sl i t2 in subcutaneous 
DANGR o b o 1 - K D  xenografts enhances tumor 
angiogenesis 
 
DANG R o b o 1 - K D  xen og ra f t s  a s  use d  i n  3 . 3 .4  d i d  no t  p r o v id e  i ns ig h t s  on  
r eg u la t io n  o f  ang iog e ne s is  b y  en dog e no us  S l i t 2 ,  as  S l i t 2  l e ve ls  
r ema in ed  un ch ang e d  un der  t h e  c on d i t i o ns  e xamine d .  Seq u es t r a t ion  o f  
S l i t 2  b y  Ro bo 1-Fc  i n  t h i s  se t t i ng  wou ld  p r o v id e  a  s u i t a b le  e xp er im en t a l  
t o o l  t o  ad dre ss  t h i s  i ssu e  bu t  wa s  n o t  f eas ib le  i n  t h e  o r t h o to p ic  t umor  
mo de l  d ue  t o  l ack  o f  d a ta  o n  t he  b i oava i l a b i l i t y  a nd  s t ab i l i t y  o f  Rob o1-
Fc  an d  d ue  t o  h ig h  c os t s  f o l l o w ing  i n t ra per i t on ea l  i n j e c t i on .  
Co nseq u en t l y ,  we  d ec ide d  o n  a  su bc u ta ne ou s  xe nog ra f t  mo de l  as  a  
f eas ib le  a l t e rn a t i ve ,  i n  wh ic h  en dog e no us  S l i t 2  co u ld  be  n eu t r a l i zed  b y  
s o lu b le  Ro bo 1-Fc  a t  t h e  t ime  o f  i n j ec t io n .  
Mo r eo ver ,  we  c h oo se  t o  u se  DANG R o b o 1 - K D  c e l l s  t o  en sur e  t ha t  an  
i n d i re c t  e f f ec t ,  i n i t i a t ed  b y  t h e  b i nd ing  o f  S l i t 2  t o  Rob o1- com pet en t  
t um or  c e l l s  ( au t oc r i n e  lo op ) ,  d oes  no t  m ask  t he  d i re c t  i n f lu en ce  o f  S l i t 2  
o n  t umor  a ng ioge ne s is .  Mo re  p r ec i se l y ,  DANG R o b o 1 - K D  ce l l s  w i t h  
c on f i rm ed  Rob o1  k nock d o wn  (F ig u r e  11 )  wer e  p re - i n cu ba t ed  w i t h  
Ro bo 1-Fc  o r  ve h ic le  a nd  i n j ec t ed  t oge t he r  w i t h  Ma t r ig e l  i n  t h e  f l ank  o f  
a t h ym ic  n ud e  m ic e  ( F ig u re  1 6 ;  f o r  d e ta i l ed  i n f o rmat io n ,  p l ea se  re f e r  t o  
2 . 5 .4 ) .  As  co n t ro ls ,  we  a ls o  im p la n te d  DANG S c r  c e l l s  t og e th e r  w i t h  
Ma t r ig e l  a nd  Rob o1 -Fc  o r  veh ic l e  resp ec t i ve l y .  Tumor s  we r e  h a r ve s ted  
a f t e r  10  d a ys ,  a nd  m ic r o - ve ss e l  d en s i t y  wa s  d e te rm in ed  ba se d  on  CD31  
s t a in i ng  o f  t umor  s ec t io ns .  I n  a l l  c on d i t i o ns ,  n e i t h e r  t um or  we ig h t  no r  
t um or  s i ze  we re  s ig n i f i c an t l y  c ha ng ed  ( F ig u re  1 6E,  F ) .  Mor eo ver ,  
va sc u la r i za t io n  wa s  no t  a l t e r ed  in  ve h ic l e - t r e a te d  DANG S c r  and  
DANG R o b o 1 - K D  t umors  co n f i rm ing  t h e  re su l t s  o b ta i ned  i n  t h e  o r t h o to p i c  
DANG  m od e l  (F ig u re  1 6G- I ) .  Ho we ver ,  n eu t r a l i za t i on  o f  S l i t 2  in  
DANG R o b o 1 - K D  b y  Ro b o1- Fc  su bs ta n t ia l l y  e nh anc ed  m ic ro ve sse l  
d en s i t i es  b y  18  %.   
Co nseq u en t l y ,  ou r  DANG R o b o 1 - K D  xe nog ra f t s  co n f i rmed  th e  ca pa c i t y  o f  
S l i t 2  t o  reg u la te  a ng iog en es is  in  t h e  mor e  ph ys io l og i c  se t t i ng  o f  
e nd og en ou s l y  p r od uc ed  S l i t 2 .  Our  re su l t s  m ore o ver  i n d ica t ed  t ha t  
a u to c r in e  S l i t -Rob o  s ig na ls  wer e  n o t  r eq u i r ed  f o r  e f f ec t s  on  
a ng iog en es is  a rg u ing  ag a ins t  t h e  p os s ib i l i t y  t ha t  an t i - a ng io reg u la to r y  
e f f ec t s  were  m ed ia te d  in d i rec t l y  v ia  a  c o - f ac to r  f r om the  t um or  c e l l s .  
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F i g u r e  1 6 :  F u n c t i o n a l  i n h i b i t i o n  o f  S l i t 2  v i a  R o b o 1 - F c  s t i m u l a t e s  
a n g i o g e n e s i s  i n  D AN G R o b o 1 - K D  t u m o r s  s u b j e c t e d  t o  R o b o 1  r e c e p t o r  
k n o c k d o w n  
( A- F )  D A N G R o b o 1 - K D  c e l l  c l o n e s  w i t h  s t a b l e  R o b o 1  r e c e p t o r  k n o c k d o w n  ( n =  8 ,  
s h R N A  R o b o 1 K D )  a n d  s c r a m b l e d  c o n t r o l  c l o n e s  ( n = 8 ,  s c r a m b l e d )  w e r e  g r o w n  
a s  s u b c u t a n e o u s  t u m o r s .  D A N G R o b o 1 - K D  c e l l  p o p u l a t i o n s  w i t h  c o n f i r m e d  
R o b o 1  r e c e p t o r  k n o c k d o w n  w e r e  u s e d  t o  e x c l u d e  m a j o r  c o n t r i b u t i o n  o f  
i n d i r e c t  e f f e c t s  e l i c i t e d  b y  a u t o c r i n e  S l i t 2  s t i m u l a t i o n  o f  t u m o r  c e l l s .  T o  
f u n c t i o n a l l y  i n a c t i v a t e  S l i t 2  r e l e a s e d  b y  t u m o r  c e l l s ,  D A N G R o b o 1 - K D  c e l l s  w e r e  
c o - i n c u b a t e d  w i t h  R o b o 1 - F c  ( n = 5 )  o r  ve h i c l e  ( n = 5 )  p r i o r  t o  s u b c u t a n e o u s  
i m p l a n t a t i o n  i n  M a t r i g e l  p l u g s .  T u m o r s  w e r e  h a r v e s t e d  a f t e r  1 0  d a ys ,  a n d  
r e p r e s e n t a t i v e  i l l u s t r a t i o n s  o f  p a n c r e a t i c  t u m o r s  w i t h  f e e d i n g  b l o o d  v e s s e l s  
( b l u e  a r r o w h e a d s )  i n  s i t u  a r e  s h o w n .  T u m o r  s i ze  ( E )  a n d  t u m o r  w e i g h t  ( F )  
w e r e  e v a l u a t e d  ( a l l  n s ) .  ( G - I )  M i c r o - v e s s e l  d e n s i t i e s  w e r e  d e t e r m i n e d  b a s e d  
o n  C D 3 1  s t a i n i n g  o n  t u m o r  s e c t i o n .  T u m o r s  t h a t  h a d  g r o w n  i n  t h e  p r e s e n c e  
o f  R o b o 1 - F c  e l i c i t e d  i n c r e a s e d  m i c r o - v e s s e l  d e n s i t y  ( I ;  n = 8  f o r  s c r - c o n t r o l ;  
n = 5  f o r  D A N G R o b o 1 - K D  i n  t h e  p r e s e n c e  o f  v e h i c l e  o r  R o b o 1 - F c ,  r e s p e c t i v e l y ;  
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3.3.6 In vivo  syngeneic orthotopic Panc02 Model  of  
PDAC 
 
I n  o rd e r  t o  c o r ro bor a te  t h e  i n  v i v o  t umor  sup pre ss i ve  ac t i on  o f  S l i t 2  in  
a n  i nde pe nd en t  an d  immu no comp ete n t  mo de l ,  s yng en e ic  o r t h o to p ic  
Pa nc0 2 S l i t 2 / M o c k  t umor s  wer e  e va lua te d  i n  C5 7 BL/6  m ic e  ( F ig u re  17 ) .  
Pa nc0 2 S l i t 2  ce l l s  w i t h  s t ab le  S l i t 2  e xp re ss ion  we re  do ne  b y  t r an s f ec t i on  
o f  w i l d t yp e  Pan c0 2  c e l l s  w i t h  pc DNA4/TO-SP-3 x f lag - S l i t 2 -m yc H is  
ve c t o r  ( f o r  de t a i l ed  i n f o rmat io n ,  p lea se  r e f e r  t o  2 . 5 .3 ) .  Pa nc0 2  c e l l s  
t r a ns f ec t ed  w i t h  t h e  empt y  pc DNA4/TO-SP-m yc H is  se r ved  as  Mo ck -
c on t r o l  ce l l s .   
The  s yng e ne ic  Pa nc 02  mo de l  i s  h ig h l y  ag g ress i ve  a nd  d is p la ys  
a d van ce d  tumor  g ro wth  a l r e ad y  a f t e r  13  da ys .  G rowt h  o f  t umor s  
d e r i ved  f r om Panc 02 S l i t 2  c e l l s  ( n= 13 )  as  com par ed  t o  Pa nc 02 M o c k  
c on t r o l  t umors  (n=1 3)  was  n o t  s ig n i f i c an t l y  d i f f e re n t  (F ig u r e  17A- C) ,  
t h oug h  we  n o te d  a  t r end  t o wa rd s  sma l l e r  t umor  s i ze  i n  Panc 02 S l i t 2  
t um ors .  I n te r es t ing l y ,  a nd  co ns is t en t  w i t h  t he  i de a  o f  S l i t 2 - Ro bo  as  
i n h ib i t o r s  o f  i n vas ion  an d  met as t as i s ,  we  f ou nd  t he  i nc i de nce  o f  
i n va s i ve  g r o wt h  in to  a d ja ce n t  o rg a ns  s ub s ta n t i a l l y  r ed uce d  b y  7 2  %  in  
m ic e  w i t h  Pa nc 02 S l i t 2  t um ors  c omp ared  t o  Mock -c on t r o l s  (F ig u r e  1 7D) .  
Du e  t o  t he  agg res s i ve  c our se  o f  t h e  Pan c0 2 S l i t 2  m od e l ,  we  co u ld  
q ua n t i f y  m e tas t as i s  b y  co un t i ng  t h e  m a l ig n an t  nod u le s  in  t he  
me se n te r y  d esp i t e  t he  s hor t  du r a t io n  ( F ig u r e  1 7 E,  F ) .  Ag a in  t he  
a bu nd an ce  o f  abd om in a l  me t as ta s is  wa s  m ark ed l y  d im in i sh ed  in  
Pa nc0 2 S l i t 2  t umor s  b y  57  %  c omp ar ed  t o  c on t r o ls  ( F ig u r e  17G) .  
Mo r eo ver ,  t he  in c id en ce  o f  as c i t es  wa s  r ed uc ed  in  m i c e  h a rb o r i ng  
t um ors  w i t h  S l i t 2  e xp r ess ion  b y  8 5  %  a s  com par ed  t o  mo ck  c on t ro l  
t um ors  ( F ig u re  1 7 H) .   
Thu s ,  t h e  an t i -m e ta s ta t i c  an d  a n t i - i n va s i ve  p ro per t i es  a ss ig n ed  to  S l i t 2  
i n  ou r  i n  v i v o  mo de l s  were  no t  co n f in ed  t o  immuno com prom is ed  
xe n og ra f t s .   
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F i g u r e  1 7 :  F o r c e d  e x p r e s s i o n  o f  S l i t 2  i n h i b i t s  m e t a s t a s i s  a n d  i n v a s i o n  i n  
a n  o r t h o t o p i c  P a n c 0 2  s y n g e n e i c  t u m o r  m o d e l  
C 5 7 / B l - 6  m i c e  w e r e  o r t h o t o p i c a l l y  i m p l a n t e d  i n  t h e  h e a d  o f  t h e  p a n c r e a s  
w i t h  S l i t 2 -  o r  M o c k - t r a n s f e c t e d  P a n c 0 2  c e l l s .  S h o w n  a r e  r e p r e s e n t a t i v e  
a b d o m i n a l  s i t e s  w i t h  p r i m a r y  p a n c r e a t i c  t u m o r s  ( A  a n d  B ;  w h i t e  a r r o w h e a d s )  
a n d  m e s e n t e r i c  m e t a s t a s i s  ( E  a n d  F ;  ye l l o w  a r r o w h e a d s )  f r o m  m i c e  b e a r i n g  
P a n c 0 2 S l i t 2  ( n = 1 3 )  a n d  P a n c 0 2 M o c k  ( n = 1 3 )  t u m o r s ,  r e s p e c t i v e l y ,  a f t e r  
l a p a r o t o m y.  ( C ,  D )  B a r  g r a p h s  s h o w  e v a l u a t i o n  o f  p r im a r y  t u m o r  g r o w t h  ( C ;  
p = 0 . 1 8 )  a n d  i n v a s i o n  i n t o  a d j a c e n t  o r g a n s  ( D ;  p = 0 . 0 0 5 ;  F i s h e r ’ s  e x a c t  t e s t ) .  
( G ,  H )  C o n t i n g e n c y  g r a p h s  s h o w  a b u n d a n c e  o f  m e s e n t e r i c  m e t a s t a s i s  ( G ;  
p = 0 . 0 2 4 ;  M a n n  W h i t n e y )  a n d  i n c i d e n c e  o f  a s c i t e s  ( H ;  p = 0 . 0 3 ;  F i s h e r ’ s  e x a c t  
t e s t ) .  
 
3 .4 Role of  Sl i t2 for neural invasion of PDAC cel ls 
 
W e ne x t  e xam ined  t he  r e l e van ce  o f  S l i t 2 - Ro bo  fo r  t he  mut ua l  
i n t e ra c t ion  o f  t umo r  ce l l s  w i t h  ne r ve s .  The  un der l y i ng  h ypo t he s i s  i s  
b as ed  o n  t h e  we l l  d oc ume nte d  in f l uen ce  o f  S l i t 2  a nd  i t s  Ro bo  re ce p to rs  
a s  a xo n  g u ida nce  f ac t o rs  on  n eu ron a l  p r oc ess es  s uc h  as  a xon  
b ran ch ing ,  ne ura l  c e l l  m ig ra t i on  an d  d i f f e re n t ia t i on .  The  f ac t  t h a t  we  
we r e  ab le  t o  loca t e  Rob o1  e xp r es s io n  i n  i n t ra pa nc r ea t i c  ne r ves  
r e i n f o rce d  t he  h ypo t he s is  t ha t  t h es e  n eur ona l  s t r uc t u re s  a re  in deed  
S l i t 2 - re sp on s i ve  an d  t he r e f o re  a r e  se ns i t i ve  t o  ch ang es  i n  S l i t 2 - Ro bo  
s ig n a l i ng .  To  in ve s t ig a te  t he  re c ip roc a l  i n t e ra c t io n  o f  t umor  and  
n eur on a l  c e l l s ,  we  t hu s  imp lem en te d  s e vera l  i n  v i t r o  a nd  ex  v i vo  
mo de l s  w i t h  i nc r eas ing  comp le x i t y  
 
 
Re su l t s  9 0  
3.4.1 Sl i t2  reduces the bidirectional  chemoattraction 
of PDAC cel ls and neuronal  cel ls 
 
Ne ura l  i n va s ion  i s  p e rc e i ve d  a s  mutu a l  i n t e rac t i on  o f  t um or  c e l l s  and  
n eur ona l  ce l l s  an d  imp l i c a te s  s ig n a l ing  m o lec u les ,  s uc h  a s  ce l l  s u r f ace  
b ou nd  l i g a nd s  and  t h e i r  r e sp ec t i ve  r ec ep t o rs  as  we l l  a s  s o lu b le  
c hem ok in es .  T h us ,  c hem ok in e  a t t r ac t i o n  a nd  c on t ac t  c ue s  p r o v id e  t he  
me ch an is t i c  r ep er to i r e  f o r  t he  r ec ip r oc a l  i n te r ac t i on  o f  tum or  c e l l s  a nd  
n eur on a l  ce l l s .  No ta b l y ,  Sch wa n n  ce l l s ,  wh ic h  c ons t i t u te  t h e  pe r i ne ura l  
s he a th s  o f  n e r ves ,  h a ve  be en  imp l i c a te d  i n  n eur a l  i nva s ion  a s  we l l  
[ 2 67 ,  26 8 ] .  I n  a  f i r s t  ap p ro ach ,  we  t he re f o re  d e te rm in ed  t h e  e f f ec t  o f  
S l i t 2  o n  m ig ra t i on  o f  t umor  c e l l s  t owa r ds  c hem oat t r ac ta n t  g rad ien t s  
e s ta b l i sh ed  b y  p r imar y  Sch wa nn  ce l l s .  I nd ee d ,  t um or  ce l l s ,  se ed ed  in  
t h e  up per  t r an s we l l  ch amb er ,  were  a t t r ac te d  b y  ch emog ra d ie n t s  
r e l ea se d  b y  p r ima r y  Sc h wan n  c e l l  c u l t u r es  i n  t he  l o we r  t r a ns we l l  
c ham ber .  No t ab l y ,  i n du c t ion  o f  S l i t 2  in  M ia Pa Ca T R - S l i t 2  an d  Pa nc1 T R - S l i t 2  
c e l l s  imp a i re d  d i r ec t ed  t umor  c e l l  m ig ra t io n  t o war ds  t he  
c hem og rad ien t s  es t ab l i s he d  b y  Sc hwa n n  ce l l s  b y  6 7  %  an d  42  %,  
r esp ec t i ve l y  ( F ig u re  18 A, B) .   
 
 
F i g u r e  1 8 :  S l i t 2  i m p a i r s  b i d i r e c t i o n a l  c h e m o a t t r a c t i o n  o f  t u m o r  a n d  
n e u r o n a l  c e l l s   
( A ,  B )  S l i t 2  i n h i b i t e d  t h e  d i r e c t e d  m i g r a t i o n  o f  M i a P a C a T R - S l i t 2  a n d  
P a n c 1 T R - S l i t 2  c e l l s  t o w a r d s  c h em o a t t r a c t a n t s  r e l e a s e d  b y  S c h w a n n  c e l l s  
( SW C )  s e e d e d  i n  t h e  l o w e r  c h a m b e r  o f  t r a n s w e l l s  ( M i a P a C a T R - S l i t 2 :  n =3 ,  
p = 0 . 0 1 4 ;  P a n c 1 T R - S l i t 2 :  n = 3 ,  p < 0 . 0 5 ) .  ( C )  S l i t 2  r e l e a s e d  f r o m  M i a P a C a T R - S l i t 2  
c e l l s ,  w h i c h  w e r e  c u l t u r e d  i n  t h e  l o w e r  c h a m b e r  o f  t r a n s w e l l s ,  i n h i b i t e d  t h e  
d i r e c t e d  m i g r a t i o n  o f  S c h w a n n  c e l l s  ( n = 3 ,  p = 0 . 0 2 7 ) .   
Re cen t  p ub l i s he d  da t a  f u r t h e rmor e  s ug g es te d  t h a t  ne ura l  i n va s io n  a lso  
c ompr is e  a xo na l  g r o wt h  in  t h e  d i r ec t io n  o f  ch emok ines  r e le ase d  b y  
t um or  c e l l s  [ 10 3 ,  2 6 9 ] .  Acc ord ing ly ,  we  mo d i f i e d  t he  e xp er im en t a l  
c on f ig u r a t i on  a nd  s e ed ed  Mia PaCa T R - S l i t 2  ce l l s  i n  t h e  l o wer  
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c omp ar tmen t  o f  t he  t r a ns we l l  ass a y ,  wh i c h  he nc e  a l l owe d  to  m on i t o r  
t h e  m ig ra t i on  o f  Sch wa n n  ce l l s  t o wa rds  a  c hemota c t i c  g rad ien t  
r e l ea se d  b y  t um or  c e l l s .  Ag a in  we  f o un d  d i rec t ed  m ig ra t io n  o f  Sch wa nn  
c e l l s  r edu ce d  b y  38  %,  wh e n  S l i t 2 -e xp res s ing  MiaPa Ca T R - S l i t 2  ce l l s  were  
g ro wn  i n  t h e  lo wer  t r ans we l l  ch ambe r  (F ig u re  1 8C) .  Tak e n  tog e t he r ,  
t h es e  da ta  d emo ns t r a te  t ha t  S l i t 2  co un t e ra c te d  b i d i r e c t io na l  
c hem oat t r ac t io n  b e t we en  ne uro na l  a nd  PDAC c e l l s .   
 
3.4.2 Sl i t2  impairs neural  invasion in a tumor cel l -
DRG co-cul ture model  
 
S tu d y ing  n eur a l  i nva s ion  i n  o u r  i n  v i v o  mo de l  wo u ld  ha ve  b een  ve r y  
i n s t ru c t i ve .  Ho we ve r ,  immu no h is t ochem ica l  a na l ys is  us i ng  an t ib od ies  
ag a ins t  t he  n eur on a l  m ark e r  S1 00  a nd  n eur o f i l ame n t  r e vea led  t ha t  
o r t ho t op i c  t um ors  e xh ib i t ed  o n l y  po or  i nn e r va t i on  a nd  h en ce  d id  n o t  
r ep r ese n t  r e l i ab l e  m od e ls  t o  s t udy  n e ur a l  i n vas ion  i n  v i vo .  T o  
c i r cum ven t  t h i s  p ro b lem,  we  d ec ided  t o  s tu d y  d i re c t  n e r ve  ca ncer  
i n t e ra c t ion s  i n  a n  e x  v i vo  mo de l  o f  n eu r a l  i n va s io n .  P res en t l y ,  t he  
mo de l  t ha t  r ep r odu ce s  t h e  p r oc esse s  d u r ing  n eur a l  i n va s ion  m os t  
a cc u ra t e l y  i s  t he  DRG- tumor  c e l l  co - cu l t u re  mo de l .  Th is  mo de l  i n i t i a l l y  
i n t r od uc ed  b y  Aya la  e t  a l .  t o  s tu d y  ne r ve - p ros t a te  ca nc er  ce l l  
i n t e ra c t ion s  [ 26 9 ] ,  i s  c u r re n t l y  us ed  b y  va r i ou s  r es earc h  g ro up s  t o  
i n ve s t ig a t e  n eur a l  i n vas io n  a nd  h as  b ee n  mod i f i ed  t o  mee t  
e xp er ime n ta l  n ee ds  [ 10 3 ,  1 04 ,  26 9 ] .  
The  s t ep s  ne ed ed  f o r  t h i s  ex  v i v o  mo de l  wer e  imp lemen t ed  acc o rd ing  
t o  t h e  cu r r en t  l i t e ra t u re ,  a nd  a r e  docum ent ed  i n  de t a i l  i n  t h e  p re v ious  
c ha p te r s  o f  Ma te r ia l  an d  Me th ods  ( 2 .4 . 11 ) .  T h e  f i r s t  s t ep  compr i se d  t he  
i s o la t io n  o f  d o rs a l  r o o t  g a ng l io ns  f r om  the  m ur i ne  ve r te b ra l  c o lum n o f  
3 -4  we ek  o l d  C57 BL/  6  m ice  [ 27 0 ]  (F ig u re  19A- D) .   
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F i g u r e  1 9 :  I s o l a t i o n  o f  d o r s a l  r o o t  g a n g l i o n s  f r o m  t h e  m u r i n e  v e r t e b r a l  
c o l u m n .   
T h e  e n t i r e  s p i n e  o f  3 - 4  w e e k  o l d  C 5 7 B L /  6  m i c e  w a s  i s o l a t e d  a n d  e x c e s s i v e  
m u s c l e  t i s s u e  w a s  r e m o v e d .  ( A- B )  T h e  s p i n e  w a s  d i v i d e d  a l o n g  t h e  
v e r t e b r a e  i n t o  t w o  e q u a l  h a l v e s  a n d  t h e  s p i n a l  c o r d  w a s  r e m o v e d  w i t h  
t w e e ze r s  ( A )  t o  e x p o s e  t h e  D R G s  l o c a t e d  w i t h i n  t h e  c a v i t y  o f  t h e  v e r t e b r a l  
c o l u m n  ( B ) .  ( C )  H i g h e r  m a g n i f i c a t i o n  s h o w s  D R G s  l o c a t e d  w i t h i n  t h e  
c a v i t i e s .  ( D )  I s o l a t e d  D R G s  w e r e  f u r t h e r  p r o c e s s e d  t o  r e m o ve  t h e  r e m a i n i n g  
d o r s a l  a n d  v e n t r a l  r o o t s .  T h e  i s o l a t e d  D R G s  w e r e  i n c u b a t e d  ( 3 7  ° C ,  5  %  
C O 2 )  o v e r n i g h t  i n  c o m p l e t e  m e d i a  ( D M E M ,  1 0  %  F B S ,  P e n / S t r e p )  a n d  
e m b e d d e d  i n  2 0  µ l  M a t r i g e l  t h e  f o l l o w i n g  d a y .  V i a b i l i t y  o f  D R G s  w a s  
o b s e r v e d  b y  n e u r i t e  o u t g r o w t h  v i a  a  c e l l  c u l t u r e  m i c r o s c o p e .  V C  =  v e r t e b r a l  
c o l u m n ;  S C  =  s p i n a l  c o r d ;  b l a c k  a r r o w h e a d  =  D R G s ,  b l a c k  a r r o w s  =  
d o r s a l / v e n t r a l  r o o t s .  
 
The  i so la t ed  DRGs  we re  f u r t he r  p roc ess ed ,  i nc ub a ted  o ve r n ig h t  a nd  
p l ac ed  1  mm  a d jac en t  t o  M ia PaCa T R - S l i t 2  c e l l s ,  b o th  e mb ed de d  in  
g ro wth  f ac to r  r ed uc ed  Ma t r ig e l  ( F ig ur e  20A) .  An  em pt y  Ma t r ig e l  d r op  
p l ac ed  on  t he  op po s i t e  s i t e  o f  t h e  t umor  ce l l  co lo n y  se r ved  as  co n t ro l  
t o  e xc lu de  r an dom t umor  c e l l  b eh a v io r .  Thes e  Mat r ig e l  d ro p le t s  we re  
c on ne c te d  v i a  Ma t r ig e l  b r i dg es  e ns ur ing  t h e  f o rmat i on  o f  ch emok ine -
g rad ien t s  an d  t he  e xc ha ng e  o f  g u idan ce  c ue s .  V ia b i l i t y  o f  t h e  DRGs 
wa s  o bser ve d  b y  ne ur i t e  ou tg ro wt h  v ia  a  c e l l  c u l t u re  m ic r os cop e .  A f te r  
a ppr o x im a te l y  5  d a ys ,  o u tg ro wt h  o f  ne ur i t e s  f r om t he  DRG  and  
c on sec u t i ve  e l ong a t i on  o f  n eur i t es  t o wa rds  t h e  t umor  c e l l  co l on ies  
we r e  o bser ve d  (F ig u re  2 0 B) .   
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T im e- la pse  m ic r osco p y  de l i ve re d  m ore  d e ta i le d  i n f o rmat io n ,  r e vea l i ng  a  
d yn am ic  p r oce ss  w i t h  n eur i t e s  p ro t ru d ing  f r om t he  DRG t o war ds  
c hem otac t i c  g rad ien t s  re l ea se d  f r om t he  t umor  ce l l s .  The se  ne ur i t es  
t h en  i n i t i a t ed  c on ta c t  w i t h  t h e  pe r i ph er y  o f  t h e  c an cer  ce l l  co l on y .  
Su bseq u en t  d i sso c ia t i on  o f  i n d i v id ua l  t umor  c e l l s  oc cu r re d ,  wh ich  t h en  
u n id i r ec t io na l l y  m ig ra te d  a l ong  t h e  ne uro na l  co nd u i t s  t o wa rd s  t he  DRG 
( F ig u r e  20C,  D) .  O ver  t ime  m ore  a nd  m ore  t umo r  c e l l - ne r ve -
i n t e ra c t ion s  oc cu r r ed  i nc r ea s ing  t h e  ab un da nc e  o f  t um or  ce l l  
p ro j e c t io ns ,  wh ich  i n  t u r n  in vade d  th e  n e wly  f o rme d  n eur on a l  
s t r uc t u res .  W e con f i rm ed  th e  i de n t i t y  o f  t hos e  t umor  c e l l s  b y  us ing  
GFP- la be l l ed  Mia Pa Ca  c e l l s  ( F ig u re  2 0 E) .  Ba se d  o n  t he  a r ea  c o vered  
b y  t h es e  p r o t ru s io ns ,  we  q ua n t i f i ed  t h e  e x t en t  o f  e x  v i v o  ne u ra l  
i n va s ion  a nd  r ec o rd ed  a  co ns is t en t  i n c re as e  o ve r  t im e .  Mo r e o ver ,  as  
n eur a l  i n vas ion  inc r ea se d  o ve r  t ime ,  we  obs er ved  a  c on s is te n t  a nd  
s ig n i f i c an t  r ed uc t io n  o f  n eur a l  i n vas ion  a f t e r  i nd uc t io n  o f  S l i t 2  in  
M ia Pa Ca T R - S l i t 2  ce l l s  a t  d a y  9  an d  d a y  1 2  (e ac h  b y  3 7  %;  F ig u r e  2 0F) .  
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F i g u r e  2 0 :  S l i t 2  r e d u c e s  n e u r a l  i n v a s i o n  i n  a  t u m o r  c e l l ,  D R G  c o - c u l t u r e  
m o d e l  
( A )  T h r e e - d i m e n s i o n a l  c o - c u l t u r e s  o f  t u m o r  c e l l s  ( d e p i c t e d  b y  a s t e r i s k )  a n d  
d o r s a l  r o o t  g a n g l i o n  ( D R G ;  # )  w e r e  a s s e m b l e d  i n  M a t r i g e l .  ( B )  O u t g r o w t h  o f  
n e u r i t e s  f r o m  t h e  D R G  a n d  e x t e n s i o n  o f  n e u r i t e s  ( i n d i c a t e d  b y  b l u e  
a r r o w h e a d s )  i n  p r o j e c t i o n  t o  t h e  t u m o r  c e l l  c o l o n y  a r o u n d  d a y  5  w e r e  
m o n i t o r e d .  ( C ,  D )  O n c e  n e u r i t e s  c o n t a c t  t h e  t u m o r  c e l l  c o l o n y ,  t u m o r  c e l l s  
d i s e n g a g e  f r o m  t h e  c o l o n y  a n d  n a v i g a t e  a l o n g  t h e  c o n t a c t e d  n e u r i t e  c o n d u i t s  
( b l u e  a r r o w h e a d s )  i n  p r o j e c t i o n  t o  t h e  g a n g l i a  o f  o r i g i n .  N u m b e r s  i n d i c a t e  
s i t e s  o f  n e u r i t e - t u m o r  c e l l  c o n t a c t  i n i t i a t i o n  a n d  r e f e r  t o  t h e  c o r r e s p o n d i n g  
m a g n i f i e d  a r e a s  a s  s h o w n  i n  ( D ) .  B l u e  a r r o w h e a d s  i n d i c a t e  n e u r i t e s .  ( E )  
T h r e e - d i m e n s i o n a l  c o - c u l t u r e s  o f  G F P - l a b e l l e d  M i a P a C a  c e l l s  a n d  d o r s a l  
r o o t  g a n g l i o n .  ( F )  N e u r a l  i n v a s i o n  o f  v e h i c l e  o r  d o x yc yc l i n e  t r e a t e d  
M i a P a C a T R - S l i t 2  c e l l s  w a s  q u a n t i f i e d  a s  t h e  c h a n g e  i n  a r e a  c o v e r e d  b y  t u m o r  
c e l l  p r o j e c t i o n s  a t  d a y  9  a n d  1 2  a s  c om p a r e d  t o  t h e  d a y  o f  c o - c u l t u r e  s t a r t  
( d a y  0 ;  n = 3 ,  * p < 0 . 0 5 ) .  S c a l e  b a r s  a r e  5 0 0  µm  in  A - C ,  E  a n d  5 0  µ m  i n  D .  
 
Re su l t s  9 5  
3.4.3 Sl i t2  impairs unidirectional  migration of PDAC 
cel ls along nerves 
 
A  de t a i le d  an a l ys is  o f  t he  h ig h- r es o lu t i on  m ic rog ra ph s  re ve a led  t ha t  
n eur a l  i n vas ion  o f  t um or  c e l l s  oc cu r r ed  pa r t i cu la r l y  i n  a re as  w i t h  d i r ec t  
n e r ve  con t ac t .  T o  o b ta i n  a  mor e  p re c i s e  r ep r ese n ta t i on  o f  S l i t 2  e f f ec t s  
o n  t he  m ot i l i t y  o f  t um or  c e l l s ,  wh ic h  a r e  e ng ag ed  i n  n eur i t e  co n ta c t ,  we  
u se d  o u r  ex  v i vo  DRG  co- cu l t u r e  mo de l  t o  mo n i t o r  t he  m ig ra t i on  o f  
i n d i v id ua l  t umor  ce l l s  a l ong  n eur i t es  v i a  t im e- la pse  m ic r osc op y ( f o r  
d e ta i l ed  i n f o rmat i on ,  p l eas e  r e f e r  t o  2 .4 . 11 ) .  G FP- l abe l l ed  Mia Pa Ca 
c e l l s  co n f i rmed  th a t  t he se  wer e  ac tu a l l y  t um or  c e l l s  m ig ra t i ng  a l ong  t he  
n eur on a l  s t r u c tu r es  a nd  n o t  e x t r a vas a te d  s t rom a l  c e l l s  f r om th e  DRG 
( F ig u r e  2 1 ) .   
 
 
F i g u r e  2 1 :  T i m e - l a p s e  m i c r o s c o p y  r e v e a l s  d i r e c t i o n a l  n a v i g a t i o n  o f  
t u m o r  c e l l s  a l o n g  n e u r i t e s  
( A- D )  G F P - e x p r e s s i n g  M i a P a C a  c e l l s  ( g r e e n )  m i g r a t e  a l o n g  c o n t a c t e d  
n e u r i t e s .  P i c t u r e s  s h o w  o v e r l a y  o f  p h a s e - c o n t r a s t  a n d  i m m u n o f l u o r e s c e n c e  
i m a g e s  o f  i n d i v i d u a l  t u m o r  c e l l s  a t  i n d i c a t e d  t i m e  p o i n t s  d u r i n g  t i m e - l a p s e  
m i c r o s c o p y ,  s t a r t i n g  5  h o u r s  a f t e r  c o n t a c t  o f  n e u r i t e  w i t h  t u m o r  c e l l  c o l o n y  
h a s  b e e n  e s t a b l i s h e d .  W h i t e  a r r o w s  i n d i c a t e  E u c l i d e a n  d i s t a n c e  t r a v e l e d  b y  
t u m o r  c e l l s .  S c a l e  b a r  i s  1 0 0  µm .  ( E - G )  M o v e m e n t  o f  a  s i n g l e  M i a P a C a  
t u m o r  c e l l ,  w h i c h  d i s s o c i a t e s  f r o m  a  t u m o r  c e l l  c o l o n y  a n d  m i g r a t e s  a l o n g  
t h e  c o n t a c t e d  n e r ve  a s  a s s e s s e d  u s i n g  t i m e - l a p s e  m i c r o s c o p y .  A s t e r i s k  
i n d i c a t e s  p o s i t i o n  o f  t u m o r  c e l l  a t  i n d i c a t e d  t i m e  p o i n t s .   
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I n  o rd e r  t o  q u an t i t a t i ve l y  c ha r ac t e r i ze  i nd i v i du a l  t umor  c e l l  m ig ra t i on ,  
i n d i v id ua l  t r ack s  ca p tu r ed  f r om  s ing le  t umor  c e l l s  o ve r  a  t im e  co urse  o f  
1 8  h  we r e  a na l yze d  b y  ch emot a x is  s o f t war e  t o  de t e rm in e  s pe c i f i c  
p a ram ete r s ,  s uc h  a s  t r a ve l  d i s ta nc e ,  ve lo c i t y  an d  d i r ec t i on a l i t y  o f  
mo vem ent  (F ig u r e  2 2 ) .   
 
 
F i g u r e  2 2 :  P a r a m e t e r s  f o r  i n d i v i d u a l  t u m o r  c e l l  m i g r a t i o n  
( A- C )  U s i n g  a u t o m a t e d  a c q u i s i t i o n  s o f t w a r e  ( L e i c a  L A S  A F 6 0 0 0 ) ,  u p  t o  2 0  
i n d i v i d u a l  t u m o r  c e l l s  w e r e  s i m u l t a n e o u s l y  i m a g e d  i n  e a c h  e x p e r i m e n t .  
T r a v e l  d i s t a n c e s ,  ve l o c i t y  a n d  d i r e c t n e s s  w e r e  c a l c u l a t e d  u s i n g  I m a g e J ® ,  
M a n u a l  T r a c k i n g  p l u g - i n ,  a n d  I B I D I  c h e m o t a x i s  s o f t w a r e .  
 
A  f i r s t  ob ser va t ion  sh o we d  d i f f e ren ce s  in  t he  t r a ve l l ed  d is t anc e  
b e t we en  tum or  ce l l s  w i t h  an d  w i t ho u t  n e r ve  c on t ac t  (F ig u re  2 3 I ,  J ) .  
Bo t h  Eu c l i de an  a nd  a cc umu la t ed  d is ta nc es  we re  s ig n i f i ca n t l y  i nc r ea sed  
i n  t umor  c e l l s  m ig ra t i ng  a l ong  n eur i t es  b y  7 5  % an d  4 8  %,  re sp ec t i ve l y ,  
c omp are d  t o  t h os e  w i t ho u t  ne uron a l  c on ta c t .  Fu r th e rmor e ,  t he  
d i r ec t i on a l i t y ,  i . e .  t h e  r a t io  o f  Euc l id ea n  an d  acc umu la ted  d i s ta nce  was  
i n c re as ed  in  ce l l s  t r a ve l l i ng  a l ong  t he  ne uro na l  c on du i t s  comp are d  t o  
c e l l s  w i t ho u t  co n ta c t  b y  52  %  ( F ig u re  2 3K) ,  sug g es t i ng  j u x t ac r ine  
s ig n a l i ng  b e t we en  n e r ves  a nd  t umo r  ce l l s .  No t ab l y ,  i n du c t io n  o f  S l i t 2  in  
M ia Pa Ca T R - S l i t 2  c e l l s  n ear l y  ab r og a te d  t h e  p os i t i ve  e f f ec t  o f  t he  
n eur on a l  c on t ac t  on  Euc l i dea n  ( b y  46  %)  a nd  ac cum u la t ed  (b y  3 0  %)  
d i s ta nce ,  t he r eb y  r edu c ing  t he  d i r ec t io na l i t y  o f  t hes e  c e l l s  ( b y  19  %;  
F ig u r e  2 3 I -K ) .  S im i l a r l y ,  t h e  ve loc i t y  o f  M ia Pa Ca T R - S l i t 2  ce l l s  w i t h  n e r ve  
c on t ac t  was  inc r eas ed  b y  47  %,  a s  com par ed  t o  c on t r o ls  (F ig u r e  23L) .  
Ag a in  in duc t i on  o f  S l i t 2  r ed uc ed  the  ve lo c i t y  o f  M iaPa Ca T R - S l i t 2  b y  
3 1  %.   
Un der  t he  p re va i l i ng  e xper im en t a l  co nd i t i on s ,  i nd uc t i on  o f  S l i t 2  d i d  no t  
a f f ec t  t he  m ig ra t o r y  b eh a v io r  o f  t umor  ce l l s  w i t ho u t  n eur i t e  c on tac t  
( F ig u r e  2 3 I -L ) ,  i n d ic a t ing  t ha t  S l i t 2  s pe c i f i ca l l y  f unc t i on s  i n  t h e  co n tex t  
o f  t um or  ce l l - n e r ve - i n te r ac t i ons .  Hen ce ,  t h e  ob t a i ne d  d a t a  su pp or t  a  
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r epu l s i ve  f unc t i on  o f  S l i t 2  f o r  ne ura l  i n vas ion  in  PDAC b y  res t r i c t i ng  
t h e  n a v ig a t io n  o f  tum or  c e l l s  a l ong  a t t r a c te d  n eur i t es .  
 
 
F i g u r e  2 3 :  S l i t 2  i n h i b i t s  t u m o r  c e l l  m i g r a t i o n  a l o n g  n e u r i t e s  i n  a  t h r e e -
d i m e n s i o n a l  t u m o r  c e l l - D R G  c o - c u l t u r e  m o d e l  
( A- H )  T im e - l a p s e  m i c r o s c o p y  m o n i t o r e d  t h e  m i g r a t i o n  o f  i n d i v i d u a l  
M i a P a C a T R - S l i t 2  c e l l s  a l o n g  a  c o n t a c t e d  D R G  n e u r i t e  o v e r  1 5  h .  S e q u e n t i a l  
p h a s e - c o n t r a s t  i m a g e s  d e p i c t  t h e  p r o j e c t i o n  o f  a  D R G  n e u r i t e  ( b l u e  
a r r o w h e a d s )  i n t o  t h e  t u m o r  c e l l  c o l o n y ,  a n d  c o n s e c u t i v e  u n i d i r e c t i o n a l  
m i g r a t i o n  o f  i n d i v i d u a l  t u m o r  c e l l s  ( g r e e n  a s t e r i s k )  a l o n g s i d e  t h e  n e u r i t e  
t o w a r d s  t h e  g a n g l i o n  o f  o r i g i n .  G r e e n  a r r o w  ( F )  i n d i c a t e s  t h e  t r a j e c t o r y  a n d  
m i g r a t i o n  d i s t a n c e  o f  o n e  i n d i v i d u a l  t u m o r  c e l l  a f t e r  1 2  h .  T u m o r  c e l l s  
w i t h o u t  n e r v e  c o n t a c t  o n l y  m i g r a t e d  r a n d o m l y  w i t h o u t  d i r e c t e d  m o t i l i t y  ( r e d  
a r r o w h e a d s  i n  A  a n d  H ) .  I m a g e s  ( B )  a n d  ( G )  e a c h  d i s p l a y  m a g n i f i e d  v i e ws  o f  
b o x e d  a r e a s  i n  i m a g e s  ( A )  a n d  ( H ) ,  r e s p e c t i v e l y .  S c a l e  b a r  i s  5 0  µ m .  ( I - L )  
T r a j e c t o r i e s  o f  i n d i v i d u a l l y  t r a c k e d  t u m o r  c e l l s  w i t h  o r  w i t h o u t  n e u r i t e  
c o n t a c t  w e r e  c a p t u r e d  b y  t i m e - l a p s e  m i c r o s c o p y ,  a n d  E u c l i d i a n  a n d  
a c c u m u l a t e d  d i s t a n c e s ,  d i r e c t i o n a l i t y  a n d  v e l o c i t y  w e r e  q u a n t i f i e d .  B a r  
g r a p h s  f r o m  1 0  i n d e p e n d e n t  e x p e r i m e n t s  w i t h  a  t o t a l  n u m b e r  o f  n = 4 5 - 8 1  
i n d i v i d u a l l y  t r a c k e d  t u m o r  c e l l s  p e r  c o n d i t i o n  ( p < 0 . 0 5 ;  A n o v a ) .  
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4. Discussion 
 
Pa nc re a t i c  c an cer  i s  a  de vas t a t ing  an d  mos t l y  f a ta l  d i se as e .  The  ma in  
r eas on  f o r  t h e  po or  p rog n os is  o f  PDAC,  e ve n  a f t e r  c u ra t i ve  s u rg e r y ,  i s  
d i se ase  rec u r re nce  d ue  t o  e a r l y  me t as t a t i c  s p re ad  [ 4 ] .  I nd ep en de n t  
f r om l ymp ha t i c  and  vas cu la r  me t as t as i s ,  ne u ra l  i n vas ion  has  em erg ed  
a s  a  k e y  pa t ho log ic a l  f ea tu r e  f o r  p anc r ea t i c  ca nc er  [ 4 ] ,  o f f e r ing  t umor  
c e l l s  a n  a l t e r na t i ve  r ou t e  t o  d is sem in a te  in t o  o t he r  p a r t s  o f  t he  b od y .  
The  e lu c id a t i on  o f  t h e  mo lec u la r  mec ha n isms  un der l y ing  t h e  va r io us  
a sp ec t s  o f  pa nc r ea t i c  ca nce r  p r og ress ion  an d  d i ssem ina t i on  r ema ins  a  
c en t r a l  p o in t  o f  t r an s la t i ona l  r es ear ch .  
Axo n  g u id an ce  f ac t o rs  wer e  o r ig in a l l y  d i sc o ver ed  as  g u id an ce  cues  
d u r ing  neu ron a l  de ve lopme nt ,  bu t  ha ve  s in ce  be en  ch ara c te r i zed  as  
r eg u la to r s  o f  a ng iog e ne s is  a nd  e p i t h e l ia l  mor ph og en es i s  i n  va r ious  
p h ys io log ic a l  an d  p a th o log ica l  p ro ces ses  [Re v ie we d  i n  8 9 ,  90 ] .  On  t he  
b as i s  o f  t he se  p rop er t ie s ,  we  h ypo t he s i zed  t ha t  a xon  g u ida nc e  f ac to rs  
c ou ld  be  imp or tan t  r eg u la to r s  o f  t h e  ma jo r  me t as ta t i c  r ou t es  in  
p an c re a t i c  ca nc er .  Base d  on  ou r  hyp o t he s i s ,  we  in ve s t ig a te d  t he  
p os s ib le  r o le  o f  t h e  a xo n  g u id an ce  mo lec u le  S l i t 2  an d  i t s  r ec ep t o rs  
Ro bo 1  a nd  Ro bo 4  fo r  t umor  p rog re ss io n  o f  pa nc r ea t i c  can cer .  
Our  d a ta  n o w p rov id e  c ompe l l i ng  ev i d e nce  f o r  a  t umo r  s up pre ssor  
f unc t i on  o f  S l i t 2 - Ro bo  i n  PDAC.  Tak en  t og e th e r ,  we  were  ab le  t o  s ho w 
th a t  S l i t 2  m RNA exp re ss io n  i s  r e duce d  in  PDAC,  an d  c o r re l a te s  w i t h  
l ym ph a t i c  me t as ta s i s  i n  t h e  c l i n i c a l  se t t i ng .  Fu r th e rmor e ,  ou r  g a in -  and  
l o ss - o f - f unc t io n  s tu d ie s  p ro v ide d  exp er im en ta l  e v i den ce  t h a t  S l i t 2  
imp a i r s  d i r ec t ed  t umor  c e l l  m ig ra t i on  a n d  in va s ion  i n  v i t r o ,  n eg a t i ve l y  
r eg u la te s  d i r ec t ed  m ig ra t io n  a nd  l ame l l i po d ia  f o rmat io n  o f  e nd o th e l i a l  
c e l l s ,  a nd  f i n a l l y ,  e xe r t s  an  i nh ib i t o r y  e f f ec t  on  in vas io n ,  me t as ta s is  
a nd  ang iog e ne s i s  in  o r t h o to p ic  t um or  mo de l s  i n  v i v o .  
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4.1 Reduced expression of Sl i t2 mRNA in human 
PDAC is associated wi th enhanced lymphatic 
metastasis 
 
4.1.1 Expression of Sl i t2 in the healthy pancreas 
 
Our  i n i t i a l  e xper ime n ts  i n te nd ed  t o  co n f i rm  th e  p res en ce  o f  t he  S l i t 2 -
Ro bo  s ys t em  in  t he  h ea l t h y  p an c re as ,  an d  he nce  p r o v id e  a  p o te n t i a l  
c l i n i ca l  r e le van ce  f o r  PDAC.  A t  t he  s ame  t ime ,  t h ese  d a ta  p r o v id e  a  
f r ame work  f o r  f unc t i o na l  an a l ys is .  
Qu an t i t a t i ve  RT -PCR re ve a le d  su bs ta n t ia l  e xp r ess ion  o f  S l i t 2  m RNA in  
n on- t r an s f o rmed  pa nc r ea s  a nd  i n  immor t a l i ze d  non - t ran s f o rmed  human 
d uc t a l  pa nc r ea t i c  ep i t he l i a l  c e l l s  (HPDE) .  Th es e  f i nd ing s  a re  co ns i s ten t  
w i t h  a va i la b le  da ta  f r om  mRNA e xp res s io n  a na l yse s  i n  p a nc r ea t i c  
d uc t a l  e p i t he l i a l  ce l l s  i so l a ted  f r om  h ea l t h y  pan c re as  [2 45 ,  24 6 ,  255 ,  
2 56 ] .  W i th  re sp ec t  t o  Rob o  re ce p to rs ,  we  de t ec te d  Ro bo 1  in  t he  
e p i t h e l ia l  c omp ar tme n t  a nd  Ro bo 4  in  t h e  vasc u la r  compa r tmen t .  
L i t t l e  i s  k no wn  a bo u t  t he  ph ys io l og ic a l  f unc t io n  o f  S l i t 2  a nd  i t s  Robo  
r ece p to r s  in  t he  pa nc r ea s ,  b u t  more  c ompr eh en s i ve  da t a  f r om o th e r  
e p i t h e l ia l  o rg an s  a re  a va i la b le .  Fo r  i ns t an ce ,  a  n umb er  o f  s t ud ies  
r epo r ted  e xp res s ion  an d  f un c t io n  o f  S l i t - Rob o  i n  t he  de ve lop ing  and  
a du l t  l ung ,  g u t ,  k i dn e y ,  an d  b re as t  [ 11 3 ,  11 5 ,  1 17 ,  11 8 ,  1 23 ,  1 26 ,  217 ,  
2 71- 27 9 ] .  More o ve r ,  t hes e  s tu d ie s  i nd i ca t e  t ha t  S l i t s  a nd  Ro bos  
f unc t i on  as  imp or ta n t  r eg u la to r s  o f  e p i t h e l ia l  ce l l  p ro l i f e ra t i on  an d  
g u id e  t h e  co r r ec t  g r o wth  a nd  du c ta l  b ra nc h ing  du r i ng  em br yo n ic  
d e ve lo pment  o f  t he  m ammar y  g la nd ,  l u ng ,  c o l on  a nd  k idn e y  [ 1 13 ,  11 5 ,  
2 78 ] .  O f  in t e res t ,  exp re ss io n  an a l ys is  i n  xe no pu s  la ev is  i d en t i f i ed  S l i t 2  
am ong  g en es  w i t h  a  sp a t ia l  e xp r ess io n  s pe c i f i ca l l y  i n  t h e  ven t r a l  bu d  
d u r ing  p anc r ea s  deve lo pment  [ 28 0 ] .  Mo reo ver ,  s t ud ies  t ha t  sp ec i f i ca l l y  
e xam ined  t he  en doc r i ne  pa nc re as  demo ns t r a te d  a  f unc t io n  o f  S l i t s  ( a nd  
Ne t r i ns )  a nd  t he i r  r ece p to r s  f o r  be t a -c e l l  su r v i va l  an d  ins u l in  s ec r e t ion  
u nd er  s t res s - in duce d  con d i t i o ns  i n  t h e  ad u l t  mo use  pa nc r ea s  [ 2 81 ,  
2 82 ] .  A l t ho ug h  S l i t 2  k no ck ou t  m i ce  ha ve  b ee n  g e ner a ted ,  homo zyg o us  
d e f i c i enc y  wa s  pe r i na t a l  l e t ha l ,  an d  no  pa nc r ea t i c  p a t ho log y  wa s  
r epo r ted  [ 28 3 ,  2 84 ] .  Tak e n  t og e t he r ,  t h es e  re su l t s  i nd i ca t e  t h a t  t he  
S l i t 2 - Ro bo  s ys tem i s  p r es en t  i n  t he  ad u l t  pa nc r eas  o f  d i f f e ren t  s pe c ies ,  
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4.1.2 Expression of  Sl i t2  mRNA in PDAC and 
correlat ion with cl inicopathological  parameters 
 
I n  c on t r as t  t o  no n- t ra ns f o rme d  pa nc re a t i c  t i ss ues ,  we  f o un d  t ha t  S l i t 2  
m RNA co n te n t  wa s  d i s t i nc t l y  r ed uced  in  PDAC sam p le s  an d  l os t  i n  
mo s t  o f  t h e  e p i t he l i a l  PDAC ce l l  l i n es  an a l yzed .  The  l a t t e r ,  we  e i t he r  
l i nk e d  t o  e p ig e ne t i c  s i l en c ing  du e  t o  p romot e r  h yperm eth y la t i on ,  o r  was  
r epo r ted  b y  o th e rs  t o  be  a  c ons eq ue nc e  o f  l oss  o f  he te ro zyg os i t y  [ 4 5 ] .   
A l t ho ug h  f e w PDAC sam p les  re ta i n ed  h ig h  S l i t 2  m RNA le ve ls ,  
c omp e l l i ng  e v id en ce  f o r  a  r ed uc t i on  o f  S l i t 2  mRNA e xpr es s io n  i n  PDAC 
wa s  ob t a in ed  f r om  matc he d  a na l ys i s  o f  p a i re d  PDAC an d  n on-
t ra ns f o rme d  t i ss ue ,  wh i c h  c ons i s te n t l y  r e vea le d  r edu ce d  S l i t 2  
e xp r ess ion  i n  PDAC.   
Th is  p r o f oun d  re du c t io n  o f  S l i t 2  p rompt ed  us  t o  t e s t  f o r  a  co r r e la t i on  
w i t h  c l i n i c op a th o log i ca l  pa r amet e rs .  The  k e y  f i nd ing  wa s  t ha t  r ed uc ed  
S l i t 2  m RNA e xpres s io n  le ve ls  i n  t umor s  wer e  ass oc ia te d  w i t h  h ig her  
i n c id enc e  a nd  a  h ig her  e x te n t  o f  l ymp h  n od e  m eta s tas i s .  S im i l a r l y ,  
p a t ie n t s  w i t h  l ym ph  nod e  meta s tas i s  e xh ib i t ed  a  l o wer  e xp re ss ion  o f  
S l i t 2  mRNA.   
Our  obs er va t io ns  a r e  i n  l i ne  w i t h  p ub l i s he d  m ic ro a r ra y  da t a  t h a t  r ank ed  
S l i t 2  among  t ho se  g en es  t h a t  wer e  f ou nd  re du ce d  in  c l i n i c a l  s amp le s  o f  
PDAC w i t h  l ymp h  no de  m eta s tas i s  as  c omp are d  t o  l ymp h  n od e  n eg a t i ve  
PDAC samp les  [ 2 85 ] .  The  ass oc ia t i on  o f  r e du ce d  S l i t 2  m RNA 
e xpr ess ion  w i t h  a n  u n f avo ra b le  co urs e  o f  t h e  d ise as e  f i t s  ou r  
h yp o th es is  t h a t  exp re ss io n  o f  S l i t 2  i s  o f  c l i n i c a l  r e le va nc e  f o r  t he  
p rog res s io n  o f  PDAC.  Fu r t he rmo re ,  o u r  re su l t s  a re  co ns i s ten t  w i t h  
s t ud ies  t ha t  f o un d  a  c o r re l a t i on  b e t wee n  l oss  o r  e p ig ene t i c  i na c t i va t i on  
o f  S l i t 2  a nd  p oor  p rog no s is  i n  o t he r  t umor  en t i t i es ,  suc h  as  p ro s ta t e ,  
b rea s t ,  an d  lu ng  ca nc er  [ 2 21 ,  2 31 ,  28 6 ] .  I n  a dd i t i o n ,  l ow e xp re ss io n  o f  
S l i t 2  in  s t r oma l  f i b r ob la s t s  was  as soc ia te d  w i t h  en ha nce d  l ymp h  n od e  
met as t as is  in  b re as t  ca ncer  [ 22 4 ] .   
By  c ompar i so n ,  S l i t 2  e xp r es s ion  pos i t i ve l y  co r r e la t ed  w i t h  me t as ta t i c  
t um or  sp r ea d  a nd  r edu ce d  o ve ra l l  s u r v i va l  i n  p a t ie n t s  w i t h  c o lo re c ta l  
c an cer  [ 2 36 ,  28 7 ] .  Hen ce ,  up -  o r  down r eg u la t io n  o f  S l i t 2  e xp r es s ion  
ma y  oc cu r  de pe nd ing  o n  t h e  t i ss ue-  an d  t um or - t ype .   
No t ab l y ,  r e la t i ve  exp re ss io n  un i t  d i s t r i b u t io n  in  ou r  m RNA e xpre ss ion  
a na l ys is  o f  c l i n i ca l  s amp les  re ve a le d  t h a t  S l i t 2  e xp r ess ion  va r ied  
c on s ide rab l y  b e t we en  t umor  s amp les .  Som e  tumor s  e xh ib i t ed  S l i t 2  
e xp r ess ion  l e ve ls  com par ab le  t o  h ea l t h y  p a nc re as ,  wh ere as  S l i t 2  l e ve ls  
we r e  se vere l y  r ed uc ed  in  o t he r s .  On e  p o te n t i a l  e xp lan a t io n  co u ld  come 
f rom lo ss  o r  f unc t io na l  i n ac t i va t io n  o f  o t he r  c omp one n ts  o f  a  pu t a t i ve  
S l i t 2 - Ro bo  t umor -s up pre ss i ve  p a thwa y ,  s uch  a s  Ro bo  re ce p to rs .  
 
Disc uss ion  1 01  
I n de ed ,  a  re ce n t  sem ina l  s t ud y  b y  B ia nk in  e t  a l .  r ep o r te d  t h a t  g en omic  
a l t e ra t i ons  in  g en es  b e lo ng ing  t o  t h e  S l i t 2 - Ro bo  p a th way  a r e  p re va len t  
i n  PDAC s amp les  [ 4 5 ] .   
Ther e  a r e  t wo  o t he r  s tu d ies  r ep or t ing  a  r eg u la t io n  o f  Ro bo1  m RNA 
e xpr ess ion  in  pa nc r ea t i c  c an cer .  I n  t h e  f i r s t  s t u d y ,  a  BXPC3  p rog e ny 
w i t h  h ig h  p o te n t ia l  f o r  l ym ph a t i c  me t as t as is  wa s  g e ner a te d  b y  r ep ea ted  
s ub cu t an eo us  i n j ec t io n  o f  BXPC3  ce l l s  i n  t he  l e f t  h in d  f o o tp ad  o f  m i ce ,  
s ub seq u en t  i so la t io n  o f  t umor  ce l l s  f r om  c o l lec t ed  l ymp h  no des  a nd  
c u l t i va t i on  in  c e l l  cu l t u re  [ 2 88 ] .  A  m ic r oa r r a y  a na l ys i s  comp ar ing  t hese  
t wo  BX PC3  va r i an t s  re ve a le d  r ed uce d  e xp re ss io n  o f  Rob o1  in  t h e  
met as t a t i c  BXPC3 p r og en y  comp ared  t o  t he  w i l d t ype  c e l l  l i ne  [ 2 88 ] .  
The  o the r  s t ud y  exa m in ed  Rob o1  b ec au se  i t  c on s t i t u te s  a  t a rg e t  o f  
m iRNA-2 18  [2 89 ] .  I n  t h i s  s tu d y  m iRNA- 218  wa s  f ou nd  d own r eg u la te d  in  
b o th  t h e  m etas t a t i c  BXPC3  c e l l  l i n e  an d  i n  pa nc r ea t i c  c an cer  s pec imen ,  
a nd  i n ve rse l y  co r re l a te d  w i t h  l ymp ha t i c  me t as t as is  [ 289 ] .  I n t e re s t i ng l y ,  
m iRNA-2 18  i s  l oc a te d  a t  t h e  in t r on  o f  S l i t 2  and  t a rg e t s  t h e  
3 ’ un t r an s la te d  r eg io n  (3 ’UTR)  o f  t he  Rob o1  g en e ,  t he re b y  n eg a t i ve l y  
r eg u la t ing  Rob o1  e xp r ess ion  i n  a  f e ed - ba ck  lo op  m ec ha n ism  [290 ] .  
Co nseq u en t l y ,  t he  r edu ce d  e xp r ess ion  o f  m iRNA-2 18  wa s  a ccom pa n ied  
b y  a n  i nc r ea se  o f  Ro bo 1  m RNA i n  PDAC [ 28 9 ] .  W e ha ve  n o w s t a r t e d  t o  
q ua n t i t a t i ve l y  a na lyze  t h e  e xp re ss ion  o f  t he  Ro bo  rec ep t o rs  in  o u r  
t um or  s amp le s ,  r esu l t s  h o we ver  a r e  s t i l l  p en d ing .   
A l t e ra t i on s  o f  Ro bo  r ec ep t o r  e xp re ss ion  ha ve  a ls o  b ee n  re por t ed  in  
o t he r  c an cer  t ypes ,  a nd  wer e  l i nk ed  t o  pa t ie n t s ’  p r og no s is .  Thus ,  
i n c re as ed  Rob o1  exp re ss io n  wa s  f oun d  as soc ia te d  w i t h  b e t t e r  su r v i va l  
i n  b re as t  c an cer  p a t ie n t s  [ 224 ] ,  wh e re as  in c re as ed  e xp re ss io n  o f  
Ro bo 1  in  pa t ie n t s  w i t h  c o lo r ec t a l  ca nc er  c o r re l a te d  w i t h  en ha nced  
met as t as is  a nd  p oo r  s u r v i va l  r a te  [ 2 36 ,  287 ] .  C le a r l y ,  t he  e xa c t  r o le  o f  
Ro bo  r ece p to r s  in  c an cer  a wa i t s  f u r t he r  c la r i f i c a t io n .  
A  m ore  c ompr eh ens i ve  k no wle dg e  o f  t h e  e xp r ess ion  p a t t e rn  o f  t h e  S l i t -
Ro bo  com po ne n ts  wo u ld  p e rh aps  a l l ow u s  t o  c la ss i f y  t umor s  i n  g roups ,  
i n  wh i c h  a l l  compo ne n ts  o f  S l i t 2 - Rob o  s ig n a l ing  a r e  p r ese r ve d ,  o r  i n  
wh i c h  e i t he r  t h e  l i g an d  an d /o r  t he  r ece p to r s  a r e  a f f ec t ed .  Such  a  
c ompr eh ens i ve  s t ud y  c ou ld  a ls o  i nc lu de  e xp re ss io n  a na l ys is  o f  o the r  
S l i t  hom o log o us ,  i . e .  S l i t 1  an d  in  pa r t i c u la r  S l i t 3 ,  wh ic h  ma y  a l so  be  
a f f ec t ed  [ 15 3 ,  2 91 ] .  Our  cu r re n t  a na l ys is  d id  no t  i nc l ude  S l i t 1  a nd  
S l i t 3 ,  b u t  f ocus ed  o n  S l i t 2 ,  as  i t  ha s  b ee n  re por t ed  t o  b e  t h e  f am i l y  
mem ber  mo s t  p r om in en t l y  e xp res sed  ou t s id e  t he  ne r vo us  s ys t em and  
th e  mo s t  f r eq uen t l y  a f f ec t ed  in  hum an ma l ig n anc ies  [2 91 ] .   
O vera l l ,  a va i l ab le  e xp re ss io n  da t a  s t r ong l y  sug g es t  t h a t  S l i t 2 - Ro bo  
e xe r t  ph ys io l og ic a l  f u nc t i ons  i n  t h e  de ve lop ing  a nd  ad u l t  p an c re as .  Our  
o wn  d a ta  n o w i nd ic a te d  t h a t  S l i t 2  e xp res s io n  i s  r ed uc ed  i n  PDAC,  and  
t h a t  t h i s  r ed uc t ion  i s  ass oc ia ted  w i t h  a  mor e  ag gr ess i ve  t umor  
p he no t yp e  c har ac te r i ze d  b y  i nc r eas ed  l ymph a t i c  me t as ta s is .  
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W i th  o u r  q RT-PCR a p pro ac h  we  ca nn o t  l oca l i ze  t he  so urc e  o f  S l i t 2  
e xp r ess ion ;  t hus  t h e  re du c t i on  o f  S l i t 2  e xp r ess ion  in  t um or  t i s su es  
m ig h t  b e  c aus ed  b y  a  ch ang e  o f  S l i t 2  e xp re ss io n  w i t h i n  t h e  s t r oma l  
c omp ar tmen t  o r  t he  t um or  c e l l s .  I nd ee d ,  i t  h as  be en  re po r ted  t h a t  S l i t 2  
d e r i ved  f r om s t r oma l  f i b r ob las t s  c an  r es t r a i n  t umor  p rog res s io n  in  
xe n og ra f t ed  b r ea s t  c a ncer  mod e ls  [ 22 4 ] .  Fu r t he rmo re ,  l o w e xp res s ion  
o f  S l i t 2  i n  s t roma l  f i b ro b la s t s  o f  c l i n i c a l  s amp les  wa s  a ss oc ia t ed  w i t h  
e nh an ce d  l ym ph  no de  met as ta s is  i n  b rea s t  c an cer ,  p r ov i d i ng  e v i d ence  
t h a t  i n ac t i va t io n  o f  S l i t 2  i n  t h e  s t r oma l  c omp ar tme n t  c an  a lso  
c on t r i bu t e  t o  ca nce r  pa t hog en es i s  [ 22 4 ] .  Lo ca l i z i ng  t h e  so urc e  o f  S l i t 2  
c ou ld  p ro v i de  f u r t h e r  i ns ig h t s  in t o  t he  d i s t r i b u t i on  a nd  re la t i ve  
a bu nd an ce  o f  S l i t2  e xp res s io n  i n  t h e  s t r oma l  t umor  c omp ar tmen t  o f  
PDAC,  b u t  wou ld  h a ve  r eq u i re d  immu no h is to ch em ic a l  an a l ys is .  
Ho we ver ,  se ve r a l  a t t empt s  b y  o u r  g ro up s  a nd  o t he rs  t o  va l i da t e  S l i t 2  
immu no h i s to ch emis t r y  o n  t umor  se c t io ns  f a i l e d  t o  ob t a i n  c on v inc ing  
s t a in i ng  r es u l t s  on  h uma n  t i s su es  an d  S l i t 2 - t r ans f ec t ed  t um or  c e l l  l i n es  
[ 2 92 ]  ( f o r  d e ta i le d  s up p leme n ta r y  i n fo rmat io n ,  p le as e  re f e r  t o  7 .1  and  
Su pp l .  F ig u r e  1 - 3 ) .  
 
4.2 Experimental  studies to analyze the biological 
function of Sl i t2-Robo in PDAC in vi t ro  and in 
vivo  
 
The  q RT- PCR a nd  immu no h is t o l og ic a l  an a l ys i s  g a ve  u s  im por t an t  
i n f o rmat i on  a bo u t  t h e  e xp r ess ion  o f  S l i t 2  in  he a l t h y  p an c re a t i c  a nd  
ma l ig n an t  hum an  PDAC samp les  a nd  f u r t he r  id en t i f i ed  d i s t inc t  t umor  
c omp ar tmen t s  ( ep i t h e l ia l  ce l l s ,  n e r ve s  an d  ves se l s ) ,  wh i c h  e xp re ss  
Ro bo  r ec ep to r s  a nd  a re  t hu s  su sc ep t ib l e  t o  cha ng es  i n  S l i t 2  
e xp r ess ion .  W e then  c hos e  a ppr op r ia t e  i n  v i t r o  an d  i n  v i v o  mod e ls  t o  
e xp er ime n ta l l y  a ddr ess  t h e  f unc t i on  o f  S l i t 2 - Ro bo  i n  PDAC ce l l  l i nes ,  
wh i c h  d i f f e ren t ia l l y  e xp r ess  S l i t 2  an d  he nc e  wer e  su i t a b le  f o r  S l i t 2  
o ve r e xp res s io n  o r  f u nc t i on a l  i na c t i va t io n  s t ud ies .   
 
4.2.1 The TREx system for inducible expression of 
Sl i t2 
 
As  o u r  e xp re ss io n  d a ta  wer e  mos t  c on s is te n t  w i t h  a  t umo r -su ppr es s i ve  
f unc t i on  f o r  S l i t 2 ,  we  d ec id ed  o n  r e -e xp re ss io n  o f  S l i t 2  i n  S l i t 2 -
d e f i c i en t  PDAC ce l l  l i n es .  T h e  i nd uc ib l e  T REx T M  s ys tem  ( I n v i t r og e n)  
h as  b ee n  use d  f o r  t h i s  g a in -o f - f un c t io n  e xper ime n ta l  ap p ro ac h ,  as  i t  
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p ro v ide s  c e r ta i n  a d van t ag es  whe n  com par ed  t o  t he  g en era t i on  o f  
i n d i v id ua l  s tab le  ce l l  c l on es .   
F i r s t ,  t h e  sam e  ce l l  c lo ne  se r ves  as  a  S l i t 2 - o ve re xpre ss ing  c l on e  a nd  
c on t r o l  b y  s im p le  a dm in is t r a t i on  o f  d o xyc yc l i ne  o r  ve h i c l e .  These  
p rop er t ie s  we re  e sp ec ia l l y  ad va n tag eo us  f o r  t he  i n  v i vo  e xp er ime n ts  as  
t h e  req u i r eme n t  f o r  mu l t i p l e  S l i t 2 -e xp res s ing  c lo nes  and  m ock -co n t ro l  
c l on es  c ou ld  t h us  b e  c i r cum ven t ed ,  r edu c ing  t h e  n umb er  o f  an im a ls  
a nd  e xper ime n ta l  c os t s .  I n  a dd i t i o n ,  t h i s  s t ra t eg y  p rec lud ed  an y  
d i f f e re nc es  i n  t he  c u l t u r e  c on d i t i o ns  o f  t h e  ce l l s  a nd  a d ju s tmen t  o f  t he  
c e l l  num ber  a t  t h e  d a y  o f  im p la n ta t i on .  Se co nd ,  b y  d e la yed  
a dm in is t r a t io n  o f  do xyc yc l in e ,  i t  was  p os s ib le  t o  in duc e  t h e  e xp r ess ion  
o f  S l i t 2  a f t e r  t umo r  ce l l  e ng ra f tmen t  was  comp le te d ,  p ro v i d ing  bo th  
p op u la t i ons  w i t h  t he  sam e s ta r t i ng  con d i t i o ns .   
Co nce rn ing  t he  u se  o f  d o xyc yc l i ne ,  i t  sh ou ld  be  m en t io ne d  t ha t  ve ry  
h ig h  co nc en t r a t io ns  (2 0  µg /m l )  o f  t h i s  s t ab le  t e t r ac yc l i ne  an a log ue  
we r e  f oun d  to  i ndu ce  ap op t os is  i n  t um or  c e l l s  [ 2 93 ,  2 94 ] .  Ye t ,  t he  
c on ce n t ra t io ns  o f  d o xyc yc l i ne  us ed  we r e  u p  t o  20  t imes  h ig her  t ha n  in  
o u r  i n  v i t r o  e xpe r im en t s  ( 1  µg /m l ) .  Ad d i t i o na l l y  we  c o n du c ted  
a ppr op r i a te  co n t ro l  e xp er ime n ts  u s ing  Mia Pa Ca T R  ce l l s ,  wh i ch  on l y  
e xp r ess ed  t h e  Te t R  re p re ss o r .  Do xyc yc l i ne  ha d  n o  e f f ec t  on  t he  
d i r ec t ed  m ig ra t i on  o f  t he se  Mia Pa Ca T R  c on t r o l  c e l l s .  More o ver ,  
b i o log ica l  e f f ec t s  o bs er ved  u s ing  t he  i nd uc ib l e  M ia PaCa T R - S l i t 2  and  
Pa nc1 T R - S l i t 2  c l on es  we r e  r ep r odu ce d  in  ce l l  c lo nes  w i t h  s ta b le  S l i t 2  ( no  
d o xyc yc l i ne  t r e a tme n t )  i n  v i t r o  a nd  i n  v i v o .  A l l  t og e th e r ,  t he  i nd uc ib l e  
s ys tem  a l l o we d  us  t o  s tud y  t h e  b io l og i ca l  f unc t i on  o f  S l i t 2  un der  we l l  
c on t r o l l e d  co nd i t i on s .  
 
4.2.2 A funct ional  role for  Sl i t2-Robo in tumor cel l  
invasion and metastasis 
 
Our  s t ud y  p res en ts  t h r ee  o r t ho t op ic  i n  v i vo  mo de l s  t ha t  a ddr es s  t he  
f unc t i on  o f  S l i t 2 - Ro bo  i n  PDAC.  Th e  m a jo r  f i nd ings  o f  o u r  f un c t io na l  
a na l yse s  a re  t ha t  r es t o re d  e xp re ss io n  o f  S l i t 2  su bs tan t i a l l y  r e duc es  
met as t a t i c  s p re ad ,  l o ca l  i n va s io n  a nd  a ng iog en es is .  Th ese  re su l t s  were  
c o r ro bor a te d  b y  f i nd i ng s  f r om a  c omp lem en t a r y  e xpe r im en t a l  ap p ro ach ,  
i . e .  k n ock do wn  o f  Ro bo 1 ,  wh ic h  in  t u rn  p rom oted  t umor  i n va s io n  a nd  
met as t as is .  Tog e th e r ,  t hes e  d a ta  su pp or t  ou r  h yp o the s is  t ha t  S l i t 2 -
Ro bo  f unc t i on s  as  a  t umor  su ppr ess or  in  PDAC.   
Esp ec ia l l y ,  t he  o r t h o to p ic  a ppr oac h  w i t h  i t s  p re sen t a t io n  o f  m e ta s ta t i c  
d i se ase ,  e na b led  u s  t o  d emon s t ra te  t h a t  r e - e xp res s io n  o f  S l i t 2  in  
p an c re a t i c  c an cer  c e l l  l i ne s  s ig n i f i c an t l y  r e du ce d  th e  ca pa c i t y  o f  t umor  
c e l l s  t o  m e ta s tas i ze  t o  l ym ph  no des .  Our  da t a  a r e  t h us  i n  ac co r da nce  
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w i t h  t h e  c l i n i c a l  ass oc ia t i on  o f  r ed uce d  S l i t 2  e xp r es s ion  i n  PDAC w i th  
l ym ph a t i c  m e tas t as i s  d esc r i be d  ab o ve  a n d  w i t h  p ub l i s hed  p r o f i l i ng  d a ta  
t h a t  l i s t e d  S l i t 2  amo ng  g e nes  w i t h  r edu ce d  e xp re ss ion  i n  pa nc r ea t i c  
c an cer  w i t h  l ym ph  no de  m etas t as is  [ 28 5 ] .  Thes e  da t a  a r e  f u r t he r  
s up por t ed  b y  t h e  e nh an ce d  in vas i ve  a nd  m eta s ta t i c  ca pa c i t y  in  ou r  
DANG R o b o 1 - K D  xe nog ra f t s  w i t h  Ro bo 1  kn ock d o wn.   
Our  d a ta  f i t  w i t h  p r e v io us  re por t s ,  wh i ch  p r o v id ed  i n  v i v o  e v i de nce  f o r  
a n  a n t i - i n vas i ve ,  a n t i -me t as ta t i c  and  t umor - su ppr ess ive  f u nc t io n  o f  
S l i t 2  in  o t he r  t umor  e n t i t i e s  [ 2 21 ,  2 86 ,  2 9 2 ,  2 95 ] .  I n de ed ,  r e -e xp r ess ion  
o f  S l i t 2  h as  b ee n  s ho wn  to  a t t en ua te  l u ng  met as t as is  o f  i n t r a ven ou s l y  
i n j ec t ed  f i b r osa r coma  ce l l s  [ 2 92 ] ,  and  t o  p r e ve n t  i n vas i ve  g r o wt h  o f  
o r t ho t op i ca l l y  i n j ec t ed  g l iom a  c e l l s  i n t o  t he  b r a i n  o f  m i c e  [2 95 ] .  T he  
i n h ib i t o r y  e f f ec t  o f  S l i t 2  on  g l ioma  c e l l  me t as ta s is  in  t he  b ra i n  was  
a t t r i bu t ed  t o  t h e  p ro per t y  o f  r ec omb ina n t  o r  t um or  c e l l - de r i ve d  S l i t 2  t o  
c on s t ra in  g l i oma  ce l l  m ig ra t io n  a nd  in va s ion  i n  v i t r o  v ia  i na c t i va t i on  o f  
CDC42 ac t i v i t y  [ 295 ] .   
Me c h an is t i ca l l y ,  S l i t 2 -m ed ia ted  in h ib i t i o n  o f  i n va s io n  an d  m eta s tas is  
t h a t  we  ob ser ve d  i n  ou r  i n  v i v o  m od e ls ,  m ig h t  be  t he  r esu l t  o f  an  
imp a i re d  t umor  ce l l  mo t i l i t y ,  a s  e v i den ce d  b y  ou r  i n  v i t r o  e xper ime n ts .  
S l i t 2  r e -e xp r ess ion  i nd ee d  i nh ib i t ed  d i r e c te d  m ig ra t io n  an d  i n vas io n  o f  
p an c re a t i c  c an cer  c e l l s  w i t ho u t  a f f ec t ing  p r o l i f e ra t io n  o r  r an dom 
m ig ra t io n .  Me an wh i l e ,  a  g ro w ing  bod y  o f  s t ud ies  ha s  h ig h l ig h t ed  a  
c en t r a l  r o l e  o f  S l i t 2  s ig na l i ng  v i a  Rob o  r ece p to r s  in  t he  co n t ro l  o f  c e l l  
mo t i l i t y  o f  a  va r ie t y  o f  d i f f e ren t  ca nc er  c e l l  l i ne s ,  s uc h  a s  b r eas t  
c an cer  [ 28 6 ,  2 96 -29 8 ] ,  l u ng  can cer  [ 22 1 ] ,  me la nom a  [2 22 ] ,  
me du l l ob la s tom a [ 29 9 ] ,  g l i om a  [29 5 ,  30 0 ] ,  f i b r osa r com a,  a nd  sq uamo us  
c e l l  ca r c in oma [2 92 ]  ce l l s .  
Me t as t as is  ma y  h owe ve r  a l so  d ep en d ,  a t  l eas t  i n  pa r t ,  o n  t um or  s i ze .  
He nce ,  t he  re du ced  i n va s io n  an d  m eta s ta t i c  s p re ad  t ha t  we  o bser ve d  in  
o u r  i n  v i vo  t um or  m od e ls  m ig h t  h ave  be en  th e  co nseq u en ce  o f  a  
r edu c t io n  in  t umor  ma ss .  Ho we ver ,  o n l y  on e  o f  ou r  t h ree  m od e ls  
r e ve a le d  a  mo der a te  b u t  s ig n i f i c an t  r e du c t io n  o f  p r im ary  t um or  g ro wth  
( M ia Pa Ca T R - S l i t 2  xen og ra f t s ) .  Bo th  o th e r  a ppr oac he s  sh o we d  a  t r end  
t o wa rds  e i t he r  r e du ce d  t umor  g ro wt h  i n  t he  c as e  o f  S l i t 2  r e -e xp re ss ion  
i n  Panc 02 S l i t 2  xe nog ra f t s  o r  en ha nce d  p r im ar y  t umor  ma ss  i n  t he  
DANG R o b o 1 - K D  m ouse  m od e l .  S i nc e  a  s ig n i f i ca n t  e f f ec t  o f  S l i t 2 - Ro bo  on  
met as t as is  was  e ve n  p re se n t  i n  t hes e  o r t h o to p ic  mod e ls  w i t h ou t  a l t e red  
t um or  g ro wt h ,  one  m a y  co nc lude  t h a t  t h e  r o le  o f  S l i t 2 - Ro bo  f o r  
me t as t as is  i s  i n dep en de n t  f r om th e  p r imar y  t umor  m ass .  T h is  n o t io n  i s  
f u r t he r  s up por t ed  b y  ou r  s i ze -mat che d  an a l ys i s  i n  t h e  Mia Pa Ca T R - S l i t 2  
xe n og ra f t  mo de l ,  wh i c h  r e vea le d  t ha t  me t as ta s is  occ u r r ed  i n  a  t umor  
s i ze  in de pe nd en t  ma nn er .  
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I t  wa s  in t e re s t i ng  t o  n o te  t ha t  S l i t 2 -Rob o  e f f ec t s  o n  p r imar y  t umor  
g ro wth  va r ie d  b e twe e n  ou r  d i f f e re n t  i n  v i vo  mo de l s .  Rem ark ab l y ,  t h i s  
i n co ns is t enc e  wa s  n o t  obs er ved  i n  v i t r o ,  wher e  ne i t h e r  M ia Pa Ca T R - S l i t 2  
c e l l s  w i t h  S l i t 2  in du c t io n  no r  t h e  DANG R o b o 1 - K D  ce l l s  d i s p la yed  a l t e red  
p ro l i f e ra t io n ,  wh e n  c omp are d  t o  t h e i r  r esp ec t i ve  c on t ro l s .  Ho we ver ,  t he  
o bs er ved  r edu c t ion  i n  t h e  t umor  s i ze  o f  M ia Pa Ca T R - S l i t 2  xe nog ra f t s  i s  
c on s is te n t  w i t h  se ve ra l  r ep or t s  i n  t he  l i t e r a tu r e ,  e .g .  i nh ib i t i on  o f  t umor  
g ro wth  i n  o r t h o top ic  a nd  su bcu t an eo us  i n  v i vo  m od e ls  o f  b re as t  ca ncer  
[ 2 23 ,  2 86 ,  29 7 ] .  The  d i ve rg en t  e f f e c t s  o f  S l i t 2  on  Mia Pa Ca T R - S l i t 2  
p ro l i f e ra t io n  an d  p r imar y  t umor  g ro wth  a re  s im i la r  t o  t h os e  o bser ved  
f o r  t h e  b r ea s t  c anc er  c e l l  l i n e  MDA- MB 2 31 ,  i n  wh ic h  S l i t 2  ha d  no  
imp ac t  on  i n  v i t r o  p ro l i f e ra t io n  [ 3 01 ] ,  b u t  su ppr ess ed  t umor  g r o wt h  i n  
v i vo  [ 2 23 ] .  D i f f e ren ce s  i n  t he  c omp os i t i on  o r  a bu nd an ce  o f  t he  t umor  
s t r oma,  wh i c h  a l so  p a r t i c i pa te s  i n  S l i t 2 - Ro bo  s ig na l ing  [ 22 4 ,  286 ] ,  
o f f e r s  a  p oss ib le  exp la na t io n  f o r  t he  d i ve rg e n t  e f f ec t s  on  p r im ar y  t umor  
g ro wth  in  ou r  i n  v i vo  m od e ls .  
Tog e th e r ,  o u r  da ta  ch a ra c te r i ze  S l i t 2 - Ro bo  as  a  s up pre ss or  o f  
me t as t as is  a nd  i nva s i ve  g ro wth .  Fu r th e rmor e ,  t he y  i n d i c a te  t h a t  t h i s  
f unc t i on  i n  t h e  c on t ro l  o f  m e tas t as is  c an  be  s ep ara te d  f r om  e f f ec t s  on  
p r im ar y  t umor  g ro wth .  
 
4.2.3 Context-dependent  Sl i t2-Robo signal ing might 
mediate diverging functions on tumor metastasis 
 
Our  an a l ys es  p r o v id e  c on v inc ing  e v i de nc e  f o r  a  f un c t i on  o f  S l i t 2 - Ro bo  
i n  PDAC as  a  neg a t i ve  reg u la to r  o f  i nva s ion  an d  met as tas i s ,  wh ic h  i s  i n  
l i n e  w i t h  t he  ma jo r i t y  o f  d a ta  d e r i ve d  f r om o the r  t um or  e n t i t i es  
[ Re v ie we d  in  16 1 ] .  Ho we ver ,  som e  p re v iou s  re por t s  dem on s t ra t ed  a  
p ro -met as t a t i c  f unc t i on  o f  S l i t 2 .  I nd ee d ,  k no ck do wn  o f  e nd og enous  
Ro bo 1  o r  f unc t i ona l  b lock a de  o f  S l i t 2 -Rob o1  in t e ra c t ion  i n  c o lo re c ta l  
e p i t h e l ia l  ca r c i noma  c e l l s ,  r es u l t e d  in  r ed uce d  t umor  g r o wt h  an d  l i ve r  
me t as t as is  in  a  s ubc u ta ne ou s  a t h ym ic  mo us e  mo de l  [ 2 87 ] .  
Fu r th e rmor e ,  ove re xp r ess ion  o f  S l i t 2  s t im u la t ed  t umor  
l ym ph ang iog en es is  a nd  l ym ph a t i c  m e tas t as is  o f  pa nc r ea t i c  
n eur oe nd oc r i ne  i s le t  t umor s  i n  t h e  R IP1-Tag  mod e l  [ 2 11 ] .   
Re por t s  o f  a  S l i t 2 -Ro bo  me d ia te d  s t imu la t io n  o f  me tas ta s is  i n  v i v o  a re  
a cc ompa n ie d  b y  s tu d ie s  t ha t  demo ns t r a ted  a  p ro -m ig ra to r y  f unc t io n  o f  
S l i t 2 - Ro bo  on  t umo r  c e l l s  i n  v i t r o  [ 2 87 ,  3 01- 30 3 ] .  Thu s ,  S l i t 2 - Robo  
s t im u la te d  m ig ra t io n  o f  b re as t  c an cer ,  g a s t r i c  c anc er ,  c o l o re c ta l  
c a rc i noma  an d  Src - t r an s f o rmed  mo us e  em br yon ic  ce l l s ,  as  we l l  as  
h uma n mes o th e l ioma ce l l s  [ 28 7 ,  3 01-3 03 ] .   
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The se  d i ve rg en t  f i nd i ng s  ab ou t  t h e  r o le  o f  S l i t 2 - Ro bo  i n  d i f f e re n t  t umor  
e n t i t i es  a nd  e xper ime n ta l  m od e ls  sug g es t  t h a t  t h e  S l i t 2 - Ro bo  f un c t ion  
i s  ce l l - c on t e x t  and /o r  o rg a n  sp ec i f i c .  Se ver a l  e xp la na t io ns  f o r  t h es e  
d i sc r ep anc ies  h a ve  emerg e d ,  su ch  a s  mod u la t i on  o f  S l i t 2 - Ro bo  
s ig n a l i ng  b y  e x t ra ce l l u l a r  ma t r i x  p ro te i ns  [ 30 4 ]  an d  p ro t eo l y t i c  
p roc ess ing  [ 1 76 ,  29 9 ,  30 5-3 07 ] ,  a s  ob ser ve d  f o r  en do the l i a l  c e l l s  i n  t he  
c u r re n t  s t ud y  ( as  d i s cus se d  b e lo w) .   
 
4.2.4 Regulation of angiogenesis and endothel ial  
cel l  moti l i ty by Sl i t2 in PDAC 
 
To  d a te ,  t h e re  i s  n o  co ns ens us  on  t he  e xac t  r o le  o f  S l i t 2 -Rob o  
s ig n a l i ng  in  a ng iog en es is ,  an d  f e w s t ud ies  h a ve  a ddre ss ed  t h i s  i s sue  
i n  t h e  sp ec i f i c  c on t e x t  o f  t um or  neo ang iog e ne s i s .  Seve ra l  p ub l i s hed  
r epo r t s  po in t  t owa r ds  an  i nh ib i t o r y  f unc t i on  o f  S l i t 2 - Ro bo  in  
a ng iog en es is .  Th us ,  S l i t 2  im pa i r ed  VEG F in du ced  ve ss e l  p e rme ab i l i t y  
v i a  Rob o4  i n  m ou se  m od e ls  o f  r e t in a l  a nd  c hor o id a l  vas cu la r  d i s ease  
[ 2 01 ,  2 08 ] ,  a nd  exe r te d  i nh ib i t o r y  e f f ec t s  o n  bas i c  f i b r ob la s t  g ro wth  
f ac to r  ( b FGF) -me d ia t ed  n eo- vas cu la r i za t io n  in  t he  ra t  c o r ne a  [ 2 09 ] .  
Ho we ver ,  p ro - ang iog e n ic  f un c t i on s  o f  S l i t 2 - Ro bo  s ig na l i ng  h a ve  a l so  
b ee n  o bser ve d  i n  a  s ubc u ta ne ou s  me la nom a m ou se  m ode l  [ 210 ] .  
Fu r th e rmor e ,  l ymp ha t i c  vess e l  l eng th  wa s  f ou nd  i n c re as ed  i n  
p an c re a t i c  e ndo c r i n e  t umor s  f r om RI P- tag  m ic e  w i t h  t r a nsg en ic  
e xp r ess ion  o f  S l i t 2  [ 2 11 ] .  The se  va r i ab le  i n  v i v o  f i nd ing s  a re  re f l ec ted  
b y  c on t r ad ic t o r y  d a ta  reg ar d ing  t he  f unc t i on  o f  S l i t - Rob o  f o r  
e nd o th e l ia l  a nd  mu ra l  c e l l s  i n  v i t r o ,  wh ic h  e i t h e r  sup por t  an  an t i -
a ng iog en ic  [ 1 75 ,  1 97 ,  2 01 ,  20 8 ,  209 ,  2 64 ,  28 6 ,  30 8-3 11 ]  o r  a  p ro -
a ng iog en ic  r o l e  [ 17 3 ,  2 10 ,  2 11 ,  3 12 ,  3 13 ] .  On  t he  o ne  ha nd ,  S l i t 2  
a c t i va t i on  o f  Rob o4  wa s  f o un d  t o  ab rog a te  VEGF- indu ce d  m ig ra t ion ,  
t u be  f o rmat io n  a nd  p e rme ab i l i t y  o f  end o th e l ia l  c e l l s  i n  v i t r o  [ 20 1 ,  3 11 ] .  
Th is  i nh ib i t o r y  e f f ec t  o f  S l i t 2 - Ro bo 4  o n  en do t he l ia l  ce l l  m ig ra t io n  was  
l i nk e d  t o  Ras - Ra f -Me k -Erk  s ig n a l ing  [ 3 11 ] ,  a nd  b l ock ade  o f  Rac  b y  a  
Robo 4-p a x i l l i n  comp le x  a t  t h e  ce l l  s u r f ace  [2 08 ,  3 14 ] .  On  t he  o the r  
h an d ,  r ec omb in an t  S l i t 2  wa s  f ou nd  to  s t imu la te  en do t he l i a l  c e l l  
m ig ra t io n  an d  t u be  f o rmat io n  i n  v i t r o  v i a  Rob o1  and  
p ho sp ha t i d y l in os i t o l  k i nas e  [2 10 ] ,  sug g es t i ng  t ha t  c e l l -  an d /o r  co n te x t -
s pe c i f i c  ac t i va t io n  o f  s ig na l i ng  ca sc ad es  d e te rm in e  t h e  o u t come o f  
S l i t 2 - Ro bo  in t e ra c t i o ns  on  en do th e l ia l  ce l l s .   
Re su l t s  f r om o ur  i n  v i v o  PDAC mo de l s  po in t  t o  a n  i nh ib i t i on  o f  
a ng iog en es is  b y  S l i t 2 - Ro bo  in  t h e  con t e x t  o f  PDAC,  bec au se  re du ced  
m ic r o  ve sse l  de ns i t i e s  were  obs er ved  i n  v i vo  i n  M ia PaCa T R - S l i t 2  t um ors  
w i t h  i nd uc t io n  o f  S l i t 2 .  By  c ompar is on ,  t he  k nock do wn  o f  Rob o1  
r ece p to r s  in  xe n ogr a f t ed  DANG R o b o 1 - K D  t um or  ce l l s  d id  no t  a f f ec t  m ic r o  
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ve ss e l  de ns i t i e s ,  wh i c h  wa s  e xp ec t ed ,  a s  t h e  a va i l ab i l i t y  o f  
e nd og en ou s  S l i t 2  i n  t he  vasc u la r  com par tm en t  h ad  l i k e l y  rem a in ed  
u nc ha ng ed .  Ho weve r ,  t he  ad d i t i on a l  f un c t io na l  i n ac t i va t ion  o f  
e nd og en ou s  S l i t 2  in  DANG R o b o 1 - K D  xen og ra f t s  v i a  Rob o1 -Fc  en ha nc ed  
m ic r o ve ss e l  d en s i t i e s ,  s up por t i ng  t h e  no t i on  o f  a  S l i t 2  l i g a nd-
d ep en de n t  e f f ec t  on  e nd o the l i a l  ce l l s ,  as  was  se en  i n  t h e  Mia Pa Ca T R -
S l i t 2  t um ors .   
A l t ho ug h  o u r  i n  v i vo  mo de ls  po in te d  t o war ds  an  a n t i - a ng iog en ic  
f unc t i on  o f  S l i t 2 ,  o u r  i n  v i t r o  s t ud ies  r e ve a le d  co n f l i c t i ng  e f f ec t s  on  
e nd o th e l ia l  ce l l  m ig r a t io n ,  de pen d ing  o n  t he  S l i t 2  p re par a t io ns  t ha t  
we r e  u t i l i zed .  W h i l e  S l i t 2 - en r i c he d  t um or  c e l l  su per na ta n t s  r ed uc ed  
d i r ec t ed  m ig ra t i on  a nd  VEGF- indu ce d  lam e l l i po d ia  f o rmat io n  o f  
e nd o th e l ia l  ce l l s ,  p u r i f i e d  r ecom b in an t  S l i t 2N  s t imu la te d  en do t he l ia l  
c e l l  m ig ra t io n ,  sug g es t ing  t ha t  p r o te o l y t i c  p r oc ess ing  o f  S l i t 2  m ig h t  
mo du la te  S l i t 2  a c t i v i t y  o n  en do t he l ia l  c e l l  mo t i l i t y .  Th e  p ro t eo l y t i c  
p roc ess ion  o f  S l i t 2  wa s  p r e v io us l y  r ep or te d ,  an d  d is t i nc t  f unc t io ns  were  
a ss ig ne d  to  sp ec i f i c  S l i t 2  p roc es s ing  va r ia n t s  [ 1 62 ] .  Fo r  e xam p le ,  b o th  
f u l l - l eng th  S l i t 2  an d  t he  N- te rm ina l  f r ag ment  wer e  f o un d  t o  re pe l  
o l f ac t o r y  b u lb  ne ur i t e s ,  wher ea s  o n l y  t h e  N- te rm in a l  c lea vag e  p ro duc t  
wa s  a b le  t o  i n duc e  g ro wt h  c on e  co l lap se  a nd  b r an ch ing ,  a n d  f u l l - l eng th  
S l i t 2  e ven  an t ag on i ze d  t h es e  e f f ec t s  [ 1 62 ,  31 5 ] .  As  m en t i on ed  be f o re ,  
o u r  t umor  de r i ved  su per na t an t  con t a in ed  t he  en t i r e  sp ec t r um o f  
p ro te o l y t i c a l l y  p roc ess ed  S l i t 2  va r ia n t s ,  wh i l e  pu r i f i e d  r ec omb in an t  
S l i t 2 N i s  co ng rue n t  w i t h  t he  end og en ou s l y  o ccu r r ing  N- t e rm in a l  
f r ag ment .  To  be  ab le  t o  d i r e c t l y  c omp are  t umor  de r i ve d  s up ern a tan t s  
w i t h  t h e  N- te rm ina l  f r ag ment  a l on e  t o  su per na t an t s  w i t h  f u l l - l eng th  
S l i t 2  a nd  i t s  p ro t eo l y t i c  f r ag ment ,  we  g e ner a te d  MiaPa Ca T R - S l i t 2 N  c e l l  
c l on es  w i t h  i nd uc ib l e  e xp r ess ion  o f  S l i t 2 N.  Res u l t s  i n d ic a te d  t ha t  
S l i t 2 N  f rom Mia PaCa T R - S l i t 2 N  ce l l  c l on es  i nd ee d  s t imu la t ed ,  wh er eas  
f u l l - l eng th  S l i t 2  c on t a in ing  su per na t an t s  i nh ib i t ed  t h e  d i r ec t ed  
m ig ra t io n  o f  e nd o th e l ia l  ce l l s  i n  v i t r o .  He nce ,  t h e  r a t io  o f  f u l l - l eng th  
S l i t 2  ve r sus  o t he r  f r ag ment s  p rodu ce d  b y  c an cer  ce l l s  ma y  s h i f t  t he  
e f f ec t  o f  S l i t 2 - Rob o  s ig na l ing  be t we en  s t imu la t ion  an d  i nh ib i t i on  o f  
a ng iog en es is .  I t  i s  t h us  p oss ib le  t h a t  t h e  a va i l ab i l i t y  and  p re se n ta t ion  
o f  S l i t 2  f r ag ments  o cc u r  i n  a  c e l l - t yp e  sp ec i f i c  m an ne r  a nd  co u ld  
t h e re f o re  o f f e r  an  e xp lan a t io n  f o r  t h e  d i f f e ren t  S l i t  e f f ec t s  on  
a ng iog en es is  r ep or te d  in  t he  l i t e r a tu r e .   
I n  co n t ra s t  t o  t h e  s i t ua t io n  o bs er ved  w i t h  en do t he l i a l  c e l l s ,  p u r i f i ed  
h uma n  S l i t 2 N  a nd  t um or -d e r i ved  f u l l - l e ng th  S l i t 2  eq ua l l y  i n h i b i t e d  t h e  
m ig ra t io n  o f  M ia PaCa  a nd  Pan c1  p anc r ea t i c  c an cer  ce l l s .  Cur r en t l y ,  we  
c an  o n l y  s pec u la t e  o n  t he  re as on s  f o r  t h i s  d i sc r ep anc y .  O ne  pos s ib le  
e xp lan a t i on  co u ld  b e  d i f f e re nce s  in  t h e  Ro bo  re ce p to r  r epe r to i r e ,  f o r  
i n s ta nce  t he  d i f f e re n t ia l  e xp r es s ion  o f  Rob o4 ,  wh ic h  wa s  p r op os ed  a s  
a n  e nd o th e l ia l  s pec i f i c  r ec ep t o r  [ 1 98 ,  3 10 ] .  
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L i t t l e  i s  k no wn  a bo u t  t h e  e xp r es s ion  a n d  f unc t io n  o f  Ro bo 4  o n  n on-
e nd o th e l ia l  ce l l s ,  t h oug h  e xp r ess ion  o f  Ro bo4  i n  b r eas t  ca nce r  c e l l s  
h as  p re v iou s l y  b een  r ep or te d  [30 1 ] .  S im i l a r l y ,  t h e re  i s  som e  d eb a te ,  as  
t o  wh e t he r  Ro bo 4  i s  ab le  t o  b in d  t o  S l i t  l i g an ds  a t  a l l  [ 19 7 ,  199 ] .  
Ho we ver ,  d i f f e ren t i a l  e xp re ss io n  o f  Ro bo 4  r ece p to r s  o n  pu lm on ary  
m ic r o va sc u la r  en do t he l i a l  c e l l s  ( PMECs)  ve rs us  HUVEC c e l l s  were  
r epo r ted ,  a nd  we re  l i nk ed  t o  d i f f e re nc es  i n  S l i t 2  e f f e c t s  on  v i r a l -
i n du ce d  inc r ea se  o f  p e rmea b i l i t y  [ 31 0 ] .  The re  i s  a l s o  d a t a  p r o v id ing  
e v i d enc e  t ha t  d i f f e r en t  Ro bo  i so f o rms  h a ve  va r y ing  b ind ing  ca pa c i t i es  
t o  S l i t 2  an d  f o r  l i g a nd- i nd ep en de n t  f u nc t i ons  o f  t he  Rob o  r ece p to r s  o r  
a l t e rn a t i ve  S l i t 2 - r ec ep t o rs  [ 30 7 ,  31 6-3 18 ] .   
W hen  we  f i r s t  no t ed  t he  d i f f e ren t  e f f ec t s  b e t wee n  S l i t 2 -e n r i c he d  t umor  
c e l l  s up ern a ta n t s  a nd  re com b ina n t  pu r i f i ed  S l i t 2 N,  we  a l so  co ns ide r ed  
t h e  S l i t - de pe nd en t  i n d uc t io n  o f  an o th e r  ang iog en i c  f ac t o r  b y  t um or  
c e l l s .  I n  m ore  de t a i l ,  ou r  p r ep ara t io n  o f  t um or  c e l l  s up ern a ta n t s  co u ld  
h a ve  a l lo we d  t he  au t oc r i ne  S l i t 2 - Ro bo1 -med ia te d  e xp re ss ion  o f  a no the r  
f ac to r  w i t h in  t he  t umor  ce l l s ,  wh ic h  i n  t u r n  m ig h t  be  re spo ns ib le  f o r  t he  
o bs er ved  a n t i - a ng iog e n ic  e f f ec t s  i n  v i t r o .  Ho we ver ,  S l i t 2  en r i ch ed  
t um or  c e l l  s up ern a ta n t s ,  i n  wh ic h  S l i t 2  wa s  ne u t ra l i zed  b y  a dd i t i on  o f  
Ro bo 1-Fc ,  l os t  t h e i r  a b i l i t y  t o  i nh ib i t  e nd o th e l ia l  c e l l  m ig ra t io n .  Hen ce ,  
we  c o nc lud ed  t ha t  n o  s uch  s eco nd ar y  f a c to r  bu t  S l i t 2  i t se l f  d i r ec t l y  
i n h ib i t ed  e nd o th e l ia l  ce l l  m ig ra t i on .   
The se  i n  v i t r o  d a ta  d o  no t  e xc l ud e  s yn erg i s t i c  o r  a n tag on i s t i c  e f f ec t s  o f  
o t he r  f a c to rs  i n  t he  m ic ro -m i l i e u  ( wh e t he r  t h e y  a re  mo du la te d  b y  S l i t 2 -
Ro bo  o r  n o t )  i n  t he  i n  v i v o  co n te x t .  Fo r  in s ta nc e ,  i t  wa s  s ho wn  t ha t  
S l i t 2  ac t i ng  as  a  s ing le  f ac to r ,  s t imu la ted  ang iog en es i s  v i a  t he  
mTORC2- de pe nde n t  ac t i va t io n  o f  AKT  a nd  Rac  GTPase s ,  wh er ea s  S l i t 2  
i n  t he  p r es enc e  o f  e phr i nA1  h ad  a n t i - a ng iog en ic  p ro per t ie s  i n  v i t r o  and  
i n  v i vo  [ 17 5 ] .  Ra the r ,  we  wa n t ed  t o  c la r i f y  t h a t  S l i t 2  p rod uc ed  b y  t umor  
c e l l s  ha d  t he  ca pac i t y  t o  d i r ec t l y  i n h ib i t  e nd o th e l i a l  ce l l  m ig ra t i on  an d  
a ng iog en es is  i n  o u r  PDAC mo de ls .   
W e can no t  de l in ea te ,  wh e t he r  t he  o bs er ved  i nh ib i t i on  o f  ang iog en es is  
c on t r i bu t ed  t o  t he  re du c t io n  o f  me t as t as is  i n  t he  Mia Pa Ca T R - S l i t 2  
xe n og ra f t  mo de l .  As  S l i t 2  h as  a ls o  b ee n  imp l i ca te d  i n  t he  reg u la t i on  o f  
va sc u la r  p e rmea b i l i t y  [ 31 0 ] ,  o ne  m ig h t  sp ec u la t e  h o weve r  t ha t  S l i t 2  
me d ia t ed  d i f f e re nc es  in  vasc u la r  p e rme ab i l i t y  c on t r i b u te d  t o  t he  
d ec r ea se d  in c id enc e  o f  m a l ig n an t  a sc i t es  i n  Pa nc 02  tumor s  w i t h  S l i t 2  
e xp r ess ion .  Cur r en t l y ,  a  co n t r i bu t i on  o f  ang io r eg u la to r y  e f f ec t s  o f  S l i t 2  
t o  im pa i r  m e ta s tas i s  a pp ear s  p l aus ib le  bu t  sp ec u la t i ve .  Ho we ver ,  
DANG  o r t ho to p ic  t um ors  w i t h  Rob o1  r ec ep to r  k no ck do wn ,  i n  wh ich  
n eo va scu la r i za t i on  wa s  n o t  a f f ec te d ,  d i sp l a yed  en ha nce d  m etas t as is .  
The se  da t a  s t r ong ly  i n d ic a te  t ha t  impa i rm en t  o f  t umor  ang iog e ne s i s  b y  
S l i t 2  ma y  c on t r i bu te  bu t  i s  n o t  t he  ma j o r  ca us e  o f  S l i t 2  e f f ec t s  on  
met as t as is .  
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Tak en  t og e th e r ,  S l i t 2  i nh i b i t ed  ang iog e ne s is  in  som e o f  o u r  i n  v i vo  
PDAC m od e ls ,  b u t  t h i s  wa s  no  r eq u i r emen t  f o r  S l i t /Rob o1  e f f ec t s  on  
met as t as is  in  PDAC.   
 
4.2.5 Sl i t2-Robo signal ing might  al ter  tumor 
progression by af fecting stromal cel ls  in the tumor 
microenvironment 
 
Chr on ic  pa nc re a t i t i s  r e p re se n ts  a  r i sk  f ac t o r  f o r  p anc r ea t i c  ca ncer ,  
s ug g es t i ng  t h a t  i n f l amm at i on  c on t r ib u te s  t o  pa nc re a t i c  ca rc in og en es is .  
Mo r eo ver ,  i n f l ammat i on  pa r t i c i pa t es  in  t he  f o rmat i on  o f  a  de smo p las t i c  
s t r oma,  wh ic h  i s  a  ch a ra c te r i s t i c  f ea t u re  o f  PDAC and  p ro v id es  t he  
m ic r oe n v i ro nme nt  t h a t  s up por t s  t umor  p r og res s ion .   
I n t e re s t ing l y ,  on e  o f  t h e  f i r s t  f unc t i on s  r ec og n i ze d  f o r  S l i t  a nd  Rob os  
o u t s i de  o f  t h e  ne rvo u s  s ys tem  wa s  t h e i r  i n h ib i t o r y  e f f ec t  on  l euk o c y te  
c hem ota x i s  [ 31 9 ] ,  p ro v i d ing  a  f i r s t  l i nk  b e t wee n  S l i t 2  a nd  in f l ammato r y  
p roc ess es .  Sp ec i f i c a l l y ,  S l i t 2  imp a i re d  SDF-1  in duc ed  c hemot a x is  o f  
l e uk oc y t es  v i a  Robo 1 .   
S inc e  t h en ,  n umero us  s t ud ies  h a ve  d oc ume nte d  a  f unc t i on a l  r o le  f o r  
S l i t s  an d  Ro bo s  on  t he  mot i l i t y  o f  va r i ou s  immu ne  c e l l s  i n  v i t r o  [ 176 ,  
2 62 ,  2 63 ,  3 20 ,  32 1 ] .  Fo r  in s ta nce ,  S l i t 2  was  s ho wn t o  neg a t i ve l y  
r eg u la te  t h e  chemot a x is  o f  n eu t r op h i l s  t o war ds  N- f o rmy l -m e th io n in e -
l e uc ine - ph en y la la n in e  ( f MLP) ,  wh i l e  l e a v ing  r an dom  m ig ra t i on  
u na f f ec t ed  [ 2 62 ] .  Th is  i s  i n t e res t i ng  s in ce  we  a ls o  f oun d  a n  e f f ec t  o f  
S l i t 2  o n  d i rec t ed  t um or  c e l l  m ig ra t i on ,  wh i l e  we  ob ser ve d  no  e f f ec t  on  
r and om  m ig ra t io n .  Th es e  e f f ec t s  on  d i re c te d  m ig ra t ion  we r e  f u r t he r  
l i nk e d  t o  t h e  in h ib i t o r y  i n f lu en ce  o f  S l i t 2  o n  t h e  a c t i va t io n  o f  CDC42 
a nd  Rac 2  [2 62 ] .  Mo r eo ver ,  S l i t 2  i nh i b i t e d  SDF1- i nd uc ed  m ig ra t i on  o f  
n eu t r op h i l s ,  b u t  en ha nc ed  eo s ino ph i l  c hem ota x i s  [1 76 ,  3 20 ] .  Th es e  
d i f f e re n t ia l  e f f ec t s  o f  S l i t  on  t h e  c hem ota x i s  o f  l euk o c y te s  were  
e xp la in ed  b y  t he  d i f f e re n t ia l  e xp ress ion  o f  t he  S l i t -Rob o  do wn s t ream 
e f f ec t o r  s rG AP1,  wh i ch  c on seq u en t l y  l e d  t o  d i f f e ren t ia l  a c t i va t i on  an d  
r ec ru i tm en t  o f  a dd i t i o na l  i n t r ace l l u l a r  e f f ec to r  p ro te i ns  [ 1 76 ] .  He nce ,  
t h i s  s tu d y  p r o v ided  a  mec ha n ism  b y  wh i c h  d i f f e ren t  ce l l  t ype s  w i t h i n  
t h e  immun e  s ys tem  d i f f e re n t i a l l y  i n teg ra t e  S l i t 2 -Rob o  s ig n a l i ng  i n to  
d i ve rg ing  f un c t io ns .   
Se vera l  s t ud ie s  de l i ne a te d  a  f u nc t io n  f o r  S l i t 2  i n  t h e  p ro ce ss  o f  
immu ne  ce l l  i n f i l t r a t i on  i n to  t h e  de smo p las t i c  s t r oma  i n  v i v o .  Fo r  
e xam p le ,  k nock ou t  o f  S l i t 2  a nd  S l i t 3  i n  t he  mur i ne  mammar y  an lag e  
i n du ce d  SDF1 e xp res s io n  i n  t he  b r eas t  ep i t h e l ium,  a nd  i nc re as ed  
i n f i l t r a t i on  o f  immu ne  c e l l s  i n to  t h e  d esm op la s t i c  t umor  s t rom a,  wh en  
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t h e  mammar y  an lag e  was  xe nog ra f t ed  in t o  t he  f a t  p ad  o f  n ud e  m ic e  
[ 2 23 ] .  I n  ad d i t i on ,  S l i t 2  wa s  f oun d  to  p ro t ec t  t h e  vas cu la tu re  f r om 
c y tok i ne - i nd uce d  pe rmea b i l i t y  [ 31 4 ,  32 2 ] .  Henc e ,  S l i t 2  ma y  a l so  r educe  
e xc ess i ve  vas cu la r  l e ak ag e .  The  l a t t e r  m ig h t  be  impo r tan t  f o r  t h e  
f o rmat io n  o f  ma l ig na n t  asc i t es ,  t um or  c e l l  e x t ra va sa t i on ,  and  
met as t as is  in  ou r  PDAC mo de l s .   
Our  xen og ra f t  i n  v i v o  mod e ls  a r e  n o t  i d ea l  t o  ad dre ss  t h e  ro l e  o f  t he  
immu ne  s ys t em  f o r  PDAC.  G i ve n  t he  im por t an ce  o f  S l i t 2  f o r  
i n f l ammato r y  p r oce ss es ,  t he  q u es t io n  a r i se s ,  wh e the r  t h e  re su l t s  
o bs er ved  in  ou r  immu noc ompr om is ed  xen og ra f t  mo de l s  a re  
r ep r ese n ta t i ve  f o r  t h e  “ t r ue ”  i n  v i v o  s i t ua t io n  o r  wh e t he r  immu ne  ce l l -
me d ia t ed  e f f ec t s  m ig h t  c ha ng e  th e  p h eno t yp e  o f  ou r  mo de l s .  S t i l l ,  
s im i la r  S l i t 2  e f f ec t s  wer e  c o r ro bor a te d  in  t he  s yng en e ic ,  
immu noc omp ete n t  Pa nc0 2  tum or  mode l ,  sug g es t ing  t h a t  t h e  o bs er ved  
e f f ec t s  o f  S l i t 2 - Rob o  s ig na l ing  o n  t umor  c e l l  i n va s io n  a nd  met as t as is  
r ema in  va l id  i n  t he  immu ne-c omp ete n t  s i t ua t io n .  
 
4.3 Sl i t2 impairs bidirect ional  chemoattract ion of  
pancreatic cancer cel ls  and neuronal cel ls 
 
Bas ed  on  t he  f unc t io n  o f  S l i t 2 - Ro bo  a s  a n  es t ab l i s he d  a xo n  g u ida nce  
f ac to r  d u r ing  de ve lo pme nt  o f  t he  n e r vo us  s ys tem,  we  h yp o th es i zed  t ha t  
S l i t 2 - Ro bo  s ig n a l ing  m ig h t  b e  imp or ta n t  f o r  o rg a n  in ne r va t i on  o f  t he  
d e ve lo p ing  p anc r ea s  and  reg u la t i on  o f  t h e  n eur on a l  n e t work  in  t he  
a du l t  pa nc r ea s .  W e f u r t he r  po s tu la t e  t ha t  a  d e reg u la t i on  o f  t h ese  
p a th wa ys  m ig h t  a l s o  h a ve  an  im pac t  o n  n e r ve-c anc er  i n t e ra c t ion s  in  
p an c re a t i c  c an cer .   
Bes ide  t h e  e f f ec t s  o f  S l i t 2 - Robo  on  t um or  me t as t as is  a nd  
a ng iog en es is ,  ou r  d a ta  h ig h l ig h t  a  nove l  a sp ec t  o f  S l i t 2 - Ro bo  f un c t i on  
i n  PDAC.  Da t a  f rom  e x  v i vo  DRG-PDAC c e l l  c o -c u l t u res  s ug g es t  a  
c r i t i c a l  f unc t i on  o f  S l i t 2  f o r  t he  i n t e ra c t ion  o f  PDAC ce l l s  w i t h  
p e r ip he r a l  ne r ves ,  an d  he nc e  f o r  a  k e y  mec ha n ism und er l y i ng  n eur a l  
i n va s ion ,  i . e .  ne u r o t roph ic  i n te r ac t io n  o f  t umor  ce l l s  w i t h  n e r ves .  
I n de ed ,  u s ing  t ime- laps e  m ic r os co p y,  o u r  e xper ime n ts  mo n i t o r ed  PDAC 
c e l l  mo veme nt  a l ong  t he  co nd u i t  p r ov i d e d  b y  o u tg ro w ing  n eur i t es  [ 103 ,  
1 04 ] .  Re-e xpre ss ion  o f  S l i t 2  in  PDAC c e l l s  imp a i red  t he i r  ca pa c i t y  t o  
n a v ig a t e  a lo ng  c on t ac t ed  n eur i t es  b y  red uc ing  t r a ve l  d i s t anc e  and  
d i r ec t i on a l i t y .  By  c omp ar iso n ,  S l i t 2  i n d uc t io n  h ad  n o  e f f ec t  o n  t he  
mo vem ents  o f  t umor  c e l l s  t ha t  d id  n o t  eng ag e  in  n eur i t e  co n tac t ,  
s ug g es t i ng  t ha t  S l i t 2  e f f i c i en t l y  c ou n te r ac t ed  me ch an i sms  tha t  
f ac i l i t a te  d i r e c t io na l  m o t i l i t y  o f  t umo r  c e l l s  i n  t he  m ic r oe n v i r onment ,  
p res en t  i n  t h e  imme d ia t e  v i c i n i t y  a nd /o r  c re a te d  b y  co n tac t i ng  ne r ves .   
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Tog e th e r  w i t h  t he  ob ser ved  s t rong  Rob o1  immun ore ac t i v i t y  i n  
p an c re a t i c  ne r ves  o f  h uma n  PDAC,  o u r  i n  v i t r o  a nd  e x  v i vo  d a ta  
s ug g es t  t ha t  S l i t 2 -Ro bo  s ig n a l i ng  i n  PDAC e ncom pa sses  t he  in t e ra c t ion  
o f  t umor  ce l l s  w i t h  p an c re a t i c  n e r ves .   
 
4.3.1 Sl i t2-Robo -  regulators of organ innervation  
 
The  a du l t  p anc r ea s  i s  c ha r ac te r i zed  b y  a  d en se  n eu ron a l  ne t work  
[ 2 38 ] .  I t  co ns is t s  o f  p a re nc h yma l  ne r ve  f i b e rs  t ha t  a r e  p e rma ne n t l y  
s ub j ec te d  t o  s t ru c tu ra l  r em od e l i ng  i n  o r de r  t o  s t imu la te  b l oo d  vess e ls  
a nd  pa nc r ea t i c  d uc t s ,  t hu s  c on t r o l l i ng  e xo c r in e  a nd  en do c r ine  
p an c re a t i c  f unc t i ons  [ 23 8 ] .   
A l t ho ug h  t he  r o le  o f  S l i t 2 -Rob o  in  ne uro na l  h omeo s tas i s  o f  t he  ad u l t  
p an c re as  h as  no t  ye t  be en  d e l ine a te d ,  S l i t 2 - Rob o  has  a l r ea d y  b een  
imp l i c a te d  i n  t he  i nn e r va t io n  o f  t he  deve lo p ing  p an c re as .  I nd ee d ,  i t  h as  
b ee n  d emon s t ra t ed  t ha t  t h e  sp a t ia l - t em por a l  e xp re ss ion  o f  S l i t 2  a nd  
Ro bo 1  g u id anc e  c ue s  h e lp  t o  c on f in e  t h e  p a t t e r ne d  m ig ra t i on  o f  t h ose  
n eur a l  c re s t  ce l l s ,  wh i c h  l a te r  on  in i t i a t e  p an c re a t i c  i n ne r va t i on  b y  
e n te r i c  a nd  s ens or y  n eur ons  [2 20 ] .  Me c h an i s t i ca l l y ,  S l i t 2  e xp res sed  
f r om t i s su es  a d jac en t  t o  t he  t r a j ec to r y  ro u tes  p ro v ide  g u ida nce  b y  
r epe l l i ng  Ro bo 1  e xp res s ing  n eur a l  c res t  ce l l s  an d  p r e ven t ing  t h em f rom 
e n te r i ng  reg ions  w i t h  h ig h  co nce n t ra t io ns  o f  S l i t 2  m o lec u le s .  Mor eo ver ,  
G DNF,  wh i ch  has  p r e v io us l y  b ee n  l i nke d  t o  S l i t 2 -Rob o  s ig na l i ng  d u r ing  
u re te r i c  bu d  f o rmat i on ,  h as  re ce n t l y  b ee n  f oun d  t o  r eg u la te  n eur a l  
c o lo n i za t i on  a nd  h om ing  o f  ne uro na l  p r og en i t o r s  i n  t he  em br yon ic  
p an c re as  [ 2 38 ] .  Th us ,  i t  a pp ear s  co nc e i va b le  t ha t  S l i t  l i g a nd s  and  
Ro bo  r ec ep to rs  h ave  re t a in ed  a  ro l e  b e yon d  th e  c on t r o l  o f  ne ura l  c res t  
c e l l  na v ig a t io n  i n  de ve lopme nt ,  an d  co n t r ib u te  t o  n eur ona l  h ome os ta s is  
o f  t he  ad u l t  p an c re as  b y  g u id i ng  and / o r  c ou n te r ac t ing  g ro wth  f ac to r  
a nd  ch emok ine -m ed ia te d  a t t r ac t io n  o f  p an c re a t i c  n e r ves  [2 20 ,  23 8 ] .   
I n  su pp or t  o f  s uch  a  f unc t i on ,  l o ss -o f - f un c t io n  s tu d ies  h a ve  rec en t l y  
imp l i c a te d  r ep u l s i ve  S l i t 2 - Ro bo  a c t io n  i n  t he  s t imu la t io n  o f  mo t o r -
n eur on  a xo n  f asc ic u la t i on  du r i ng  mus c le  i nn e r va t i on  [1 51 ,  2 40 ] ,  and  
h en ce  e x t en de d  t he  ro l es  o f  g u ida nce  mo lecu les  i n  b ra i n  w i r i ng  t o  t he  
c o r re c t  g ro wt h  an d  p a t t e r n ing  o f  p e r ip he r a l  ne r ves  du r i ng  o rg an  
i n ne r va t i on .  I n de ed ,  m o to r - ne uro ns  in  m i ce  la ck ing  S l i t 2 ,  bu t  no t  S l i t 1  
o r  S l i t 3 ,  wer e  d e fa sc ic u la t ed  i n to  ab un da n t  i nd i v i du a l  a xo ns  i n  v i vo ,  
a nd  S l i t 2 - / -  m o to r  e xp la n t s  e xh ib i t ed  e xc es s i ve  a xo na l  ou tg ro wth  i n  
v i t r o  [ 2 40 ] .   
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4.3.2 Functional  analysis of neural  invasion in vivo  
 
Cur r en t l y ,  t he r e  i s  n o  g e ne t i ca l l y -mod i f i ed  o r t ho t op ic  mo de l  a va i l ab le ,  
t h a t  acc u ra t e l y  r ec ap i t u la te s  t h e  e ve n ts  t ha t  oc cu r  du r ing  pe r in eu r a l  
i n va s ion  o f  p an c rea t i c  c anc er  c e l l s  i n  v i vo .  Fu r t he rmo re ,  o u r  xenog ra f t  
mo de l s  d is p la yed  on l y  po or  i n ne r va t i on  a s  a ss ess ed  by  
immu no h i s to l og ic a l  a n a l ys i s  f o r  n euro f i l ame n t ,  a nd  we re  t h e re f o re  no t  
s u i t a b le  t o  s t ud y  n eur a l  i n vas io n ,  a l t h oug h  f e w o t he r  s t ud ie s  h a ve  
a ss ess ed  ne ura l  i nva s ion  in  xe nog ra f t  mo de ls  [ 32 3 ] .   
Du e  t o  t he  in su f f i c i en t  r e p re se n ta t ion  o f  ne ura l  i n vas io n  i n  comm on 
( o r t ho t op i c )  t um or  mo de l s ,  i n ves t ig a to rs  h a ve  t u r ne d  t o  a l t e rn a t i ve  i n  
v i vo  an d  e x -v iv o  mo de l s  t o  an a lyze  c e r t a i n  r e l e va n t  asp ec t s  o f  
p e r in eu r a l  i n vas ion .   
I n  on e  o f  t he se  a l t e rna t i ve  mo de ls ,  t um or  ce l l s  wer e  i n j e c te d  ad j acen t  
t o  a  s ub cu ta ne ou s  t r an sp lan t ed  huma n  ne r ve  i n  n ud e  a th ym ic  m ice  
[ 3 24 ]  [ Re v ie we d  i n  6 5 ] .  By  ap p l y ing  t h i s  mo de l ,  pa nc re a t i c  ca ncer  ce l l  
l i n es  w i t h  h ig h  f req u en c y  o f  pe r i neu ra l  i n vas ion  wer e  i d en t i f i e d  a nd  
t h e i r  g en e  p r o f i l e  c o r re l a te d  t o  pe r ine ura l  i n vas io n  [3 24 ]  [ Re v ie we d  in  
6 5 ] .  Cr i t i c i sm  o f  t he  m od e l  i nc lu de d  t h a t  t h e  deg re e  o f  t um or  ce l l  l i ne  
d i f f e re n t ia t io n  d i d  n o t  r e a l l y  c o r re la t e  w i t h  t h e  f r equ en c y  o f  ne ura l  
i n va s ion  an d  t ha t  t h e  s ubc u ta ne ou s  lo ca l i za t io n  o f  t h e  n e r ve  d oes  no t  
m i r ro r  t he  ac tu a l  en v i ro nme nt  o f  t he  pa nc r ea s  [6 5 ] .   
I n  a  se co nd  m ode l ,  t h e  sc i a t i c  ne r ve  m od e l  a pp l ie d  b y  G i l  and  
c o l le ag ues ,  t um or  c e l l s  we re  im p la n te d  d i re c t l y  i n to  t h e  pe r i ne ur ium o f  
t h e  sc ia t i c  n e r ve  [ 1 04 ,  1 05 ,  3 25 ,  32 6 ]  [ Re v ie we d  i n  6 5 ] .  W i th  t h i s  
a ppr oa ch  t h e y  c ou ld  sh o w t ha t  s ys t em ic  t r ea tm en t  w i t h  a  t y r os ine  
k i na se  i nh ib i t o r  ag a ins t  RET  r esu l t ed  i n  red uc ed  n eur a l  i n vas io n  [ 104 ]  
[ Re v ie we d  i n  6 5 ] .  G i l  e t  a l .  t h us  dem on s t ra t ed  t h e  po t en t i a l  o f  t h i s  
mo de l  t o  e va lua t e  d i ag no s t i c  t oo ls  a nd  t h e ra p ies  [1 04 ,  1 05 ,  3 25 ,  326 ]  
[ Re v ie we d  i n  6 5 ] .   
I n  b o th  m od e ls  de sc r i be d  a bo ve ,  t umor  ce l l s  a re  b r oug h t  a r t i f i c i a l l y  i n to  
t h e  v i c i n i t y  o f  n e r ves ,  wh i ch  has  b ee n  a  so urc e  o f  c r i t i c i sm  [65 ] .  
Fu r th e r  s t ud ie s  a re  n ee de d  t o  e va lu a te ,  ho w ac cur a te l y  n eur a l  i n vas io n  
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4.3.3 The DRG-tumor cel l  ex vivo  neural  invasion 
model  accurately recapi tulates tumor-cel l  nerve 
interactions 
 
De sp i t e  va r y i ng  l im i t a t i ons ,  t he se  i n  v i vo  m od e l s  p r o ve d  va lu ab le  t o  
a na l yze  ce r t a in  asp ec t s  o f  p e r in eu r a l  i n vas ion ,  an d  t h us  e x t en ded  ou r  
k no wle dg e  ab ou t  t he  u nd er l y i ng  m o le cu la r  p ro ce sse s  i n vo l ve d  i n  n e r ve-
c an cer  i n te r ac t i ons .  Ho we ver ,  t he y  a re  e xp er im en t a l l y  c om p le x  a nd  
l a bo r  in t en s i ve .  Hen ce ,  t h e y  h a ve  bee n  su pp leme n ted  an d /o r  r ep la ced  
b y  a  3 D  DRG- t umor  c e l l  c o -cu l t u re  mo de l ,  wh i ch  cu r r en t l y  co ns t i t u t es  
t h e  be s t  a va i la b le  e x  v i vo  a pp r oa ch  t o  mo de l  n eur a l  i n va s ion .  Mo re  
s pe c i f i ca l l y ,  t h e y  a l l o w to  e va lua t e  a xo na l  o u tg ro wt h  o f  neu r i t es  a nd  
u n id i r ec t io na l  m ig r a t i on / i n va s io n  o f  t umor  c e l l s  a lo ng  t he  n eur i t es  
t o wa rds  t he  g a ng l io n  o f  o r ig i n  [ 1 03 ,  10 4 ,  2 69 ] .   
F i r s t  va lu ab le  d a ta  d e r i ved  f r om  t he  e x  v i vo  co - cu l t u r e  mo de l  came 
f rom a  s t ud y  on  p r os t a te  c an cer  t h a t  i n ves t ig a t ed  t h e  u nd er l y ing  
me ch an ism s  o f  p r os t a te  c anc er  ce l l - ne r ve  i n t e rac t i on s  [ 2 69 ] .  T he  d a ta  
o b ta i ne d  f r om t hes e  e xp er imen t s  dem on s t ra t ed  t ha t  h uma n  p r os t a te  
c an cer  ce l l s  ( Du- 14 5 ,  L NCaP,  PC3)  a c t i ve l y  a t t r ac t  n eu r i t es  f r om co -
c u l t u r ed  m ou se  DRG s  in  a  c e l l - den s i t y  de pe nd en t - f as h io n  a nd  
r ec ip r oc a l l y  m ig ra te  a lo ng  t h e  es ta b l i s he d  ne ur i t e  con du i t s ,  t hus  
p ro v id ing  f i r s t  co nc lus i ve  da t a  on  a  two - wa y  i n te r ac t io n  o f  t umor  ce l l s  
a nd  ne r ve s  [ 26 9 ] .  T he se  r es u l t s  we re  n o t  o bs er ved  f o r  a  p r os t a te  
s t r oma l  c e l l  l i n e  (HT S-4 0F) ,  i n d i ca t i ng  t h a t  t h ese  a re  t um or  ce l l  
s pe c i f i c  p r op er t ies  [ 2 69 ] .   
O th e r  s t ud ies  c on f i rme d  th es e  f i n d ing s  f o r  t h e  p an c re a t i c  ca nc er  c e l l  
l i n es  Mia PaCa  and  T 3 M4,  wh i ch  s t imu la te d  n eur i t e  o u tg ro wth  f rom 
mo us e  DRG s  a nd  d i sp la ye d  an  i nc r ea se d  c o lo n y  f o rmat io n ,  c omp ared  
t o  co n t ro l  c e l l s  c u l t u red  w i t h ou t  DRGs [1 03 ,  32 7 ] .   
M i c r oa r r a y  da t a  r eve a led  an  u p reg u la t io n  o f  s u r v i va l  g en es  i n  p ros ta te  
a nd  pa nc re a t i c  ca nc er  ce l l s  i n  c l ose  p r o x im i t y  t o  ne r ve s  i n d ic a t i ng  t h a t  
n e r ves  p r o v id e  c an cer  c e l l s  w i t h  g rowt h  f ac t o rs  (e .g .  TGF- a lp ha ,  NG F 
a nd  NCAM)  t o  s up pre ss  ap op t os is ,  c re a t ing  a  c ance r  c e l l  g r o wt h  
p romot i ng  m ic r oe nv i r onm ent  [ 3 27 ,  328 ] .   
A  mor e  d e ta i l ed  s tu d y  on  t h e  mut ua l  i n te r ac t io n  o f  p anc r ea t i c  c ancer  
c e l l s  a nd  n e r ves  dem on s t ra t ed  t h a t  ne r ve s  no t  on l y  p ro v i d e  g ro wt h  an d  
s u r v i va l  s ig n a ls ,  b u t  a l s o  s ec r e te  f ac to r s  t o  in du ce  m orp ho log ic a l  
c ha ng es  in  t um or  c e l l s  ( so  c a l l ed  “ c an cer - ce l l  sp ik e  f o rm at i on s ” )  i n  
a d van ce  t o  n eur a l  i n va s ion  [ 10 3 ] .  Th es e  mor ph o log i ca l  c ha ng es  wer e  
c e l l  de ns i t y -de pe nd en t  an d  o ccu r r ed  s o le l y  i n  t umor  c e l l s  i n  c l os e  
p ro x im i t y  t o  n e r ves ,  b u t  no t  i n  t um or  ce l l s  on  t h e  op pos i t e  s i de  o f  t he  
DRG  [1 03 ] .  More o ve r ,  a n  i nc r ea se  o f  t h e  ne uro t r op h ic  f ac t o rs  NG F an d  
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A r tem in  wa s  ob serve d  in  t h e  p r og ress  o f  t umor  ce l l  m ig ra t io n  t o wards  
t h e  g a ng l io n  [ 103 ] .  He nc e ,  t h i s  s t ud y  d emo ns t r a te d  t h a t  n eur a l  i n va s ion  
i s  n o t  j us t  a  b ys t an der  e f f ec t  o f  a  mor e  ag g ress i ve  t umor  c e l l  
p he no t yp e ,  b u t  i s  b as ed  on  t he  ch emo at t ra c t i on  o f  t umor  ce l l s  b y  a  
s pe c i f i c  se t  o f  mo le cu les  re l ea sed  f r om n er ves .   
A  s ub seq u en t  s tud y  s u pp or te d  t h e  h yp o t he s i s  t ha t  t um or  ce l l s  a re  
s pe c i f i ca l l y  a t t r a c te d  b y  mo lec u les  t h a t  a re  sec r e te d  by  n e r ve s  [ 1 04 ] .  
F i r s t ,  t h i s  s tu d y  id en t i f i ed  t umor  ce l l s  w i t h  t h e  c apa c i t y  t o  in vad e  
n e r ves  ( pa nc re a t i c  c an cer  c e l l  l i ne s  Pa nc1  an d  Mia Pa Ca;  ce r v i ca l  
c an cer  c e l l  l i n e  HeL a)  a nd  c e l l  l i n es  t h a t  d id  no t  h a ve  t he se  p r op er t ies  
( hea d  a nd  neck  ca nc er  QLL 2 ,  SCC2 5;  lung  a de no carc i nom a H292 ;  
s a l i va r y  g l an d  muco ep ide rm o id  a de noc arc i noma H31 18)  [1 04 ] .   
Ke y  o bs er va t i on s  f r om  th is  s tu d y  we r e  s im i la r l y  f o un d  i n  o u r  c u r ren t  
wo rk .  Thus ,  t im e- la ps e  m ic ro sc op y  a nd  a na l ys i s  re vea led  t ha t  t umor  
c e l l s  m ig ra t ing  a long  ne ur i t e s  s ho we d  a n  i nc r ea sed  d i re c t io na l i t y  a nd  
t r a ve l l ed  a  g rea t e r  d i s t an ce  in  comp ar is on  t o  ce l l s  w i t ho u t  ne r ve  
c on t ac t  [ 10 4 ] ,  wh i ch  i s  co ns is t en t  w i t h  d a ta  f r om  our  e xp er ime n ta l  se t -
u p .  I n  c on t r as t  t o  o u r  s tu d y  no  s ig n i f i c an t  d i f f e ren ces  i n  t he  ve loc i t y  o f  
t um or  c e l l s  w i t h  ne r ve  co n ta c t  a nd  c on t r o l  c e l l s  wer e  o b ser ved .  T h is  
m ig h t  be  t h e  c on seq u en ce  o f  d i f f e ren t  e xp er imen t a l  con d i t i o ns  an d  o r  
r eag en t s  re su l t i ng  i n  a  s l i g h t l y  d i f f e ren t  m a t r i x  c omp os i t i o n .   
I n  s up por t  o f  s uc h  a  ma t r i x - e f f ec t  on  c e l l  m ig ra t io n ,  se ve r a l  s t u d ies  
p ro v ide  e v i de nc e  t h a t  m a t r i x  com pon en t s  an d  ce l l  su r f ace  p r o te i ns  
s uc h  a s  in t eg r i ns  a nd  c ad her in s ,  i n f lu en ce  t he  m ig ra to r y  b eh a v io r  o f  
c e l l s ,  r eg u la t ing  mat r i x  s t i f f nes s  an d  m od e  o f  m ig ra t io n  ( s i ng le  ce l l  
ve rs us  c o l l ec t i ve  c e l l  m ig ra t io n )  [ 26 1 ,  3 29- 34 1 ] .  Su ch  ce l l– ce l l  and  
c e l l–s ub s t ra t e  a dhe s io n  mo le cu les  [34 2 ]  wer e  a ls o  s hown  t o  reg u la t e  
d i r ec t ed  m ig ra t i on  v i a  c ha ng es  i n  c e l l  s pe ed  [3 40 ,  3 41 ,  3 43 ]  a nd  
d i r ec t i on a l i t y  [ 34 4 ] .  Fo r  i ns ta nc e ,  t h e  N- ca dh er in  e xp res s io n  l e ve l  
mo du la te d  in t eg r in -me d ia t ed  po la r i t y  a n d  s t r ong l y  imp ac t ed  on  t he  
s pe ed  an d  d i r ec t ion a l i t y  o f  g l i a l  c e l l  m ig ra t io n  [ 33 0 ,  3 44 ] .   
I n t e re s t ing l y ,  S l i t -Ro bo  s ig na l i ng  wa s  p re v io us l y  l i nke d  t o  ca dh er in  
r eg u la t io n  [ 22 1 ,  34 2 ,  3 45- 34 7 ] .  Th us  S l i t  an d  Ro bo  s ig n a l i ng  ma y 
i n f l ue nce  m ig ra to ry  p a r amete r s ,  su ch  as  c e l l  sp ee d  an d  d i r ec t io na l i t y  
v i a  i n te r ac t io n  w i t h  ECM- pro t e in s  o r  j u x t ac r i ne  in t e rac t i o ns  w i t h  o t he r  
s u r f ace  re ce p to r s  [ 3 34 ] .  Th is  in  t u rn  co u ld  sug g es t  t h a t  S l i t 2 -Robo  
r eg u la te s  m ig ra t o ry  p a r amet e rs  no t  o n l y  v i a  reg u la t io n  o f  i n t r a ce l lu la r  
p ro te i ns  t h a t  cau se  c y tosk e le ta l  r e a r ra ng ement s ,  b u t  a l so  v ia  
i n t e ra c t ion  w i t h  o th e r  su r f ace  o r  ma t r i x  bo un d  p ro te i ns .  I n  t h i s  r eg ar d ,  
i t  wa s  sh o wn  th a t  se c re t ed  S l i t 2  i s  o f te n  b ou nd  to  t h e  ce l l  su r f ac e  [ 151 ,  
3 48 ] .  Fo r  i ns t ance ,  t he  g l ycop ro te in  d ys t rog l yc an ,  wh i ch  i n te r  a l i a  
me d ia t es  t he  in t e ra c t io n  be t we en  the  c y to sk e le to n  o f  a  c e l l  an d  t he  
e x t ra ce l lu l a r  m a t r i x ,  was  f ou nd  t o  b in d  t o  lam in in  i n  t he  ECM o n  one  
s i de  a nd  t o  t h e  l am in in -G  mo du le  o f  S l i t 2 - C  on  t h e  o th e r  s id e ,  t he r eb y  
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o rg an i z i ng  i t s  d i s t r i b u t io n  a nd  p r es en t a t io n  [3 49 ,  3 50 ] .  Fu r th e rmore  
b i nd ing  o f  f u l l - l eng th  an d  N- te rm in a l  S l i t s  t o  t h e i r  Ro bo  re ce p to rs  on  
c ommiss ura l  a xo ns  i s  s ta b i l i ze d  b y  s yn de ca n ,  r e su l t i ng  in  g r o wt h  c one  
c o l la pse  an d  b r an ch ing  [34 9 ,  3 50 ] .  
S l i t  a nd  Rob o  m igh t  d i r ec t l y  r eg u la te  c e l l  m ig ra t i on  on  t h e  s u r f ace  o f  
a d ja ce n t  ce l l s  v i a  j u x tac r i ne  s ig n a l ing  a s  sh o wn  in  a  s t ud y  on  t he  
m ig ra t io n  o f  Dro sop h i la  l a r va l  se ns ory  n e uro ns  [ 35 1 ] .  I n  t h e  p r op osed  
mo de l  c e l l - ce l l  co n ta c t s  a r e  me d ia t ed  v i a  S l i t 2  s ig n a l i ng  in  t r a ns  w i t h  
Ro bo 1  a nd  Rob o2  ( “ S l i t  s an d wich ” ) ,  d i r ec t i ng  n eur on a l  m ig ra t io n  a nd  
c o r re c t  o rg an  p os i t i o n ing  [ 35 1 ] .  Th is  e xam p le  f r om  t he  n e r vou s  s ys tem 
c l ea r l y  i l l us t r a tes  t h a t  S l i t 2  b in d ing  t o  Rob o  r ece p to r s  r eg u la t es  c e l l  
mo t i l i t y  no t  on l y  v i a  i n t r ace l l u l a r  e f f ec to r  pa t h wa ys ,  b u t  a l so  v ia  
c on t e x t - s pe c i f i c  j u x tac r i ne  i n te r ac t i ons  o f  n e igh bor i ng  ce l l s .  
Co nce i va b l y ,  S l i t 2 - Ro bo  ca n  e l i c i t  s im i l a r  j u x t ac r i ne  i n t e rac t i ons  
b e t we en  tumor  c e l l s ,  n e r ves  an d  m at r i x .  A  lo ss  o f  S l i t 2  a nd  Ro bo  m ig h t  
t h us  en ha nce  t umor  ce l l  mo t i l i t y  b y  r e l i e v i ng  su ch  j u x ta c r ine  
c on s t ra in t s .   
Ther e  i s  a l s o  d a ta  t h a t  d emon s t ra te  a n  e f f ec t  o f  S l i t 2 -Rob o  o n  c e l l  
ve l o c i t y  an d  d i rec t i o na l i t y  [ 3 52 ] .  Spec i f i c a l l y ,  S l i t 2  was  sh o wn  to  a l t e r  
t h e  d i r ec t io na l i t y  o f  ne uro na l  m ig ra t io n  i n  v i t r o  a nd  i n  v i vo  an d  to  
imp a i r  ce l l  ve loc i t y ,  de pe nd ing  o n  t h e  p r e va i l i ng  c on d i t i o ns  [ 3 52 ] .  I n  
a dd i t i on ,  s o l ub le  S l i t 2  e nh an ce d  t he  ve lo c i t y  o f  i nd i v i dua l  n eur a l  c res t  
c e l l s  a nd  i nc r eas ed  th e  d i s ta nce  t r a ve l l e d  [2 39 ] .  I n  a n  ex  v i vo  a pp r oa ch  
u s ing  su b ven t r i c u la r  zo ne  ( SVZ)  e xp la n t s ,  S l i t - co nd i t i on ed  m ed ia  f r om 
t ra ns f ec t ed  HEK ce l l s  was  s ho wn  to  r edu ce  t he  ve lo c i t y  o f  m ig ra t ing  
n eur on s  un der  t h es e  e xper ime n ta l  con d i t i o ns  [ 35 2 ] .  Mo re  i n t e re s t i ng l y ,  
S l i t 2 - Ro bo  was  sho wn  t o  i nh ib i t  d i r e c te d  m ig ra t io n  o f  g l i o b las t oma 
mu l t i f o rme-d er i ved  b ra i n  t umor  s tem- l i k e  c e l l s  ( BTSC)  in  t r a ns we l l  
a ss a ys  an d  t o  en ha nc e  t h e  ve loc i t y  o f  t he se  ce l l s ,  whe n  p l a te d  o n  a  
n an o-p a t t e r ne d  s u r f ace  [ 35 3 ] .  Fu r t he rmor e ,  t h e  e f f ec t s  o f  S l i t 2  on  c e l l  
m ig ra t io n  were  ass oc ia ted  w i t h  a  S l i t 2 - i nd uc ed  i nc re ase  i n  pho sp hor -
Ak t  a nd  a  r ed uc t i on  o f  β - ca t en in  e xp r ess ion  [ 35 3 ] .  Ho we ver ,  t he r e  i s  
a l so  da t a  sh o wing  t h a t  S l i t 2 - Ro bo  in f l ue nc es  c e l l  m ig r a t i on  w i t hou t  
a f f ec t i ng  c e l l  s pe ed ,  in d ic a t i ng  t ha t  t h e  i n f lu en ce  o f  S l i t 2 - Rob o  on  t he  
va r io us  as pec t s  o f  c e l l  m ig ra t i on  d ep en ds  o n  t h e  c e l lu la r  a n d  mo lecu la r  
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4.3.4 Sl i t2-Robo signal ing intersects with pathways 
that are involved in neural  invasion 
 
On e  o f  t h e  mos t  p rom is i ng  ca nd id a te s  w i t h  a n  es t ab l i s hed  f un c t i on  f o r  
p e r in eu r a l  i n vas ion  i s  G DNF,  o f  wh ich  i t s  co - r ece p to r s  RET  an d  GFRɑ1  
a re  ab un da n t l y  e xp r ess ed  i n  t umor  s pe c ime n  o f  p a t ie n t s  w i t h  con f i rmed  
n eur a l  i n vas io n  [ 1 04 ] .  Me ch an i s t i ca l l y ,  G DNF  re l eas ed  b y  n e r ves  
i n du ce d  ne ura l  i nva s ion  v ia  b i nd ing  t o  RET- re ce p to rs  e xp r ess ed  b y  
p an c re a t i c  c anc er  c e l l s ,  a nd  t h us  ac t s  as  a  po t en t  c hemo at t ra c ta n t  on  
PDAC ce l l s  [ 10 4 ] .  Ac t i va t io n  o f  CDC4 2  wa s  p ro pos ed  t o  m ed ia te  t he  
s t im u la t io n  o f  n eu ra l  i n vas ion  b y  GDNF  i n  PDAC ce l l s  [ 355 ] .  
I n t e re s t ing l y ,  S l i t 2  imp a i re d  g ro wt h  f a c to r  m ed ia ted  CDC4 2  a c t i va t ion  
i n  t um or  ce l l s  [ 22 2 ]  a nd  i n te r f e res  w i t h  GDNF  d ur i ng  embr yo n i c  
d e ve lo pment  [ 1 13 ] .  I t  i s  t he r e f o re  t empt i ng  t o  sp ec u la te  t h a t  S l i t 2  m a y 
h a ve  i nh ib i t e d  neu ra l  i n vas ion  o f  M ia Pa Ca ce l l s  i n  o u r  mod e l  b y  
s up pre ss ing  CDC42 ac t i v i t y .  
An  a l t e rn a t i ve  m od e  o f  a c t io n  f o r  S l i t 2 - Ro bo  t o  i n f lu en ce  t he  mut ua l  
i n t e ra c t ion  o f  ca nce r - ce l l s  a nd  ne r ves  m ig h t  com e  f rom t he i r  po t en t i a l  
t o  in t e r f e re  w i t h  g u ida nc e  m o lec u les  p r od uce d  b y  s t r oma l  c e l l s  o the r  
t h an  neu ron a l  ce l l s  [ 1 13 ,  2 23 ] .  I n t e r es t ing l y ,  t umor - i nva d ed  n e r ves  
s ho we d  an  i nc r eas ed  i n f i l t r a t io n  o f  e n do ne ur i a l  ma c ro ph ag es ,  wh i ch  
we r e  f u r t h e r  s hown  t o  be  a t t r ac t ed  b y  t umor -d e r i ved  SDF1  [105 ] .  
A t t r ac t i on  an d  a c t i va t io n  o f  en do ne ur ia l  m ac r op hag es  b y  t um or  c e l l s  
r esu l t ed  i n  an  in c re as ed  se c re t ion  o f  GDNF  f rom  en do ne ur i a l  
ma c ro ph ag es  an d  p h os ph or y la t i on  o f  RET  i n  t umo r  c e l l s  [ 105 ] .  
Fu r th e rmor e ,  r e c ru i tm en t  o f  m ac r op hag e s  a nd  n eur a l  i n vas ion  was  
r edu ce d  in  CCR2- de f i c ie n t  m i ce  i n  t he  sc i a t i c  ne r ve  mod e l  [ 1 05 ] .  S l i t -
Ro bo  s ig na l i ng ,  wh i ch  was  sho wn  to  co un t e ra c t  SDF1 -CX CR4  e f f ec t s  
[ 3 19 ]  m ig h t  t he r e f o re  ac t  v i a  mu l t i - l a ye r ed  m ech an ism s :  f i r s t ,  v ia  
c y tosk e le ta l  r e a r rang em ent s  i n  t he  m ig r a t ing  t umor  c e l l s  t h a t  r es po nd  
to  a  c hem otac t i c  g r ad ien t ,  an d  se co nd  b y  c ha ng ing /  an t ag on i z ing  
g u id an ce  c ues  r e l ea se d  f r om sp ec i f i c  s t r oma l  c e l l s  i n  t he  
m ic r oe n v i ro nme nt .  O ne  co u ld  t h e r e f o re  p os t u la te  t he  f o l l o w ing  
me ch an ism:  ne ura l  i n va s io n  i s  neg a t i ve l y  a f f ec ted  b y  t he  S l i t - Ro bo  
s ys tem  b y  re s t r i c t i ng  t h e  m ig ra t i on  ma ch in e r y  w i t h i n  t h e  ma l ig nan t  
c e l l s  a nd  b y  i nh ib i t i ng  t h e  e xp r es s io n  o r  f unc t i on  o f  g u ida nce  
mo lec u les  i n  ne uron a l  o r  o th e r  s t r oma l  c e l l s .  
Fu tu r e  s t ud ie s  sh ou ld  c la r i f y ,  wh e th e r  n e r ve-a sso c ia te d  c e l l s ,  su ch  as  
mur a l  o r  imm un e  c e l l s  a re  i n f lu en ce d  b y  S l i t s  and  Rob os .  The  
c on t r i bu t io n  o f  i n f lamm ato r y  p r oce ss es  f o r  ne ura l  i nva s ion  i s  t he  
s ub j ec t  o f  c u r re n t  r ese arc h  [1 05 ,  3 56 ] ,  an d  m ig h t  b e  ano t he r  ro u te  v i a  
wh i c h  S l i t -Rob o  s ig n a l ing  a f f ec t s  n eura l  p la s t i c i t y  i n  pa nc r ea t i c  c ancer .  
L i t e ra t u re  an d  d a ta  f r om  ou r  l ab o ra t o ry  s ug g es t  t ha t  S l i t 2  reg u la t i on  o f  
Sch wa n n  c e l l s  m ig h t  be  imp or ta n t  a s  we l l  [ 26 5 ,  26 7 ,  26 8 ,  357 ] .  
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Reg u la t i on  o f  SW Cs  c ou ld  b e  i n t r i g u ing  f o r  sp ec i f i c  as pe c t s  o f  ne u ra l  
i n va s ion  a s  t h ey  s e c re t e  ne uro t r op h ic  f ac t o rs ,  p ro v i d e  t he  
i n f ras t r uc tu r e  f o r  n eur on a l  m ig ra t io n ,  an d  g u id e  a nd  p r omote  ne ur i t e  
o u tg ro wth  [ 35 8-3 62 ] .  As  we  co u ld  e xp er ime n ta l l y  demo ns t r a te  t ha t  
t um or -d e r i ved  S l i t 2  i s  a b le  t o  in h ib i t  t h e  d i r ec te d  m ig ra t io n  o f  SW Cs,  
S l i t 2 - Ro bo  s ig n a l ing  m ig h t  t hu s  i n f lu en ce  t he  s up por t i ve  f u nc t io n  o f  
SW Cs  f o r  n e r ves  du r i ng  p h ys io l og i ca l  a n d  p a th o log ica l  p roc ess es  such  
a s  ne ura l  i n va s io n .  Fo r  i ns t anc e ,  i t  wa s  s ho wn  th a t  t h e  r epu l s i ve  e f f ec t  
o f  S l i t 2  o n  Sc h wan n  ce l l  m ig ra t io n  d ep en ds  o n  t h e  mo du la t io n  o f  t he  
i n t r ac e l l u la r  Ca 2 +  r e l ea se  in  Sc h wann  ce l l s  b y  S l i t 2 ,  wh i c h  m ig h t  be  
imp or ta n t  f o r  pe r iph e ra l  ne r ve  r eg en er a t i on  [ 26 5 ] .   
Re cen t l y ,  a  s t ud y  wa s  p ub l i s he d  t ha t  s h o wed  th a t  l o w S l i t 2  e xp r es s ion  
i n  pa t i en t s  o f  i n t r ah ep a t i c  c ho lang ioca rc in oma  i s  f r eq uen t l y  as so c ia te d  
w i t h  i nc re as ed  l ymp h  no de  m eta s tas is  a nd  m ore  i n te r es t ing l y ,  a l so  w i t h  
p e r in eu r a l  i n vas ion  [ 36 3 ] .  A  co r r e la t i on  be t we en  S l i t 2  an d  n eura l  
i n va s ion  in  c l i n i ca l  sam p les  o f  p an c rea t i c  ca ncer  wo u ld  g i ve  c on v inc ing  
s up por t  t o  t h e  ro l e  o f  S l i t 2  as  a  su ppr ess or  o f  ne u ra l  i nva s ion  t h a t  we  
p rop os e .  Un f o r t una t e l y ,  n eu r a l  i n vas ion  wa s  p re se n t  i n  a lm os t  a l l  
p a t ie n t s  f r om o ur  co hor t  an d  a  f i r s t  a t t em pt  t o  de f i ne  g ro up s  ba se d  on  
d i f f e re n t  g rad ing  sc o re s  o f  ne ura l  i nva s ion  f a i l ed  as  t h e  g ro up  s i zes  
we r e  t o o  sm a l l  t o  p ro v i de  s ta t i s t i ca l  s ig n i f i c an t  r es u l t s .  Th us ,  we  we re  
n o t  ye t  ab le  t o  co r r e l a te  S l i t 2  e xp re ss ion  w i t h  a n  ab un da nc e  o f  n eur a l  
i n va s ion  i n  o u r  pa t i en t  c oh or t .  Cur r en t  r es ear ch  ac t i v i t i es  a im  to  
i n c re as e  ou r  co hor t  s i ze  a nd  t o  e s ta b l i s h  s uch  co r r e la t io ns .   
Tog e th e r  ou r  d a ta  p r o v id e  e v id en ce  f o r  a  f unc t io na l  r o l e  f o r  t he  S l i t  
Ro bo  s ys t em as  t umor  su ppr ess ors  in  h uma n  p anc r ea t i c  c an cer .  Bes ide  
i t s  p os t u l a te d  f un c t io n  i n  t umor  a ng iog en es is ,  we  id en t i f i e d  S l i t 2 - Ro bo  
a s  reg u la t o rs  o f  t umor  in va s ion  an d  met as t as is .  Fu r th e rmor e ,  ou r  da ta  
h ig h l ig h t  a  no ve l  f un c t io n  o f  t h es e  a xon  g u ida nce  mem bers  as  
i n h ib i t o r s  o f  n e r ve -c an cer  in t e rac t i ons  t ha t  l im i t  t h e ra pe u t i c  
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5. Perspective/ Outlook 
 
So  f a r ,  e v i de nc e  f o r  a  c l i n i ca l  r e le van t  f un c t io n  o f  S l i t 2 - Ro bo  i n  PDAC 
a s  su ppr es sor s  o f  t um or  ce l l  i n vas io n ,  me t as ta s is ,  a ng iog en es is  and  
n e r ve -c anc er  c e l l  i n t e ra c t io ns  c ou ld  be  p ro v id ed .   
Bas ed  on  ou r  r es u l t s ,  we  p la n  t h e  f o l l o w ing  f u tu re  s tu d ies  t o  e x te nd  ou r  
k no wle dg e  o f  S l i t -Ro bo  f unc t i on  i n  pa nc r ea t i c  ca nc er :  
F i r s t ,  we  a r e  c u r re n t l y  co l le c t i ng  mo re  c l i n i ca l  s amp le s  in  o rd e r  t o  
a ddr es s  t he  r e l a t ion  o f  S l i t 2  e xp r ess io n  le ve ls  a nd  n eura l  i n va s ion  in  
c l i n i ca l  sam p les .  Du e  t o  t he  h ig h  p re va le nce  o f  n eur a l  i n vas ion  i n  
s u rg i ca l  samp les ,  a  l a rg e r  c oh or t  w i l l  b e  r eq u i red  t o  o b ta in  a  
r ep r ese n ta t i ve  s ubg rou p  w i t ho u t  n eura l  i n vas io n  f o r  s ta t i s t i ca l  a na l ys is .  
Sec on d ,  q u an t i t a t i ve  e xp res s io n  a na l ys i s  o f  S l i t 1 ,  S l i t3 ,  Rob o1  a nd  
Ro bo 2  in  pa t ie n t  s amp les  w i t h  va r y i ng  S l i t 2  m RNA l e ve ls  sh ou ld  
p ro v ide  f u r t he r  i n fo rmat io n  as  t o  wha t  e x te n t  o t he r  c omp on en t s  o f  t he  
S l i t - Rob o  l i g a nd- r ec ep t o r  s ys tem a re  a f f ec t ed  i n  PDAC.   
Th i rd ,  co ns is t en t ,  w i t h  d a ta  f r om  o t he r  s tu d ies ,  ou r  e xp er ime n ts  h a ve  
y i e l d ed  d i f f e re n t  e f f ec t s  o f  t he  S l i t 2  p r o te in  an d  i t s  c le avag e  p r od uc t s .  
To  f u r t he r  a ddr ess  t h e  b io log ic a l  f unc t i on  o f  t h e  S l i t 2  f r ag ments  f o r  
c an cer  p rog re ss io n ,  t umor  ang iog e nes i s  a nd  ne ura l  i n va s io n ,  we  ha ve  
a l r ea d y  g ene ra te d  i n d uc ib l e  c l on es  t h a t  p ro du ce  an d  s ec r e te  e i t h e r  
S l i t 2 N  o r  S l i t 2C.  F rom  th ese  we  h o pe  to  d is se c t  t he  (d i ve rg en t )  
f unc t i ons  o f  S l i t 2  a n d  i t s  c l ea vag e  p ro du c t s  a nd  t he i r  po t en t i a l  f o r  
b a la nc ing  t h e  f i na l  b io l og ic a l  ou t come  o f  S l i t 2 - Ro bo  s ig na l ing ,  f o r  
i n s ta nce  i t s  d i ve rg ing  e f f ec t s  on  t umor  a ng iog en es is .   
Four t h ,  we  a r e  p lan n ing  m ic r oa r r a y  an a l yses  o f  o u r  p anc r ea t i c  c an cer  
c e l l  l i nes  w i t h  m od i f i e d  S l i t 2 / Rob o  e xp res s io n  i n  o r de r  t o  i de n t i f y  n o ve l  
d o wns t r eam t a rg e t s /m ed ia t o rs  o f  S l i t 2 / Rob o  s ig na l ing .   
F i na l l y ,  we  a r e  co nd uc t i ng  immu no h is to l og i ca l  a na l yse s  o f  t umors  f r om 
o ur  s yng en e ic  immu no com pet en t  Panc 02  mo de l  i n  o r de r  t o  e lu c id a te ,  
wh e th e r  S l i t 2 - Ro bo  s ig na l i ng  a f f ec t s  immu ne  c e l l s  i n  t h e  t um or  s t roma 
a nd  t h us  in f l ammato r y  p ro ce sse s  w i t h  imp ac t  o n  PDAC p rog re ss ion .  
Th is  m ode l  wo u ld  f u r t he rm ore  a l low t o  de t e rm ine  e f f ec t s  o f  t umor -
d e r i ved  S l i t 2  o n  vas cu la r  pe rmea b i l i t y .  
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p an c re a t i c  c an cer .  J  Gas t r oe n te r o l  He pa t o l ,  2 00 8 .  2 3 ( 12 ) :  p .  
1 85 2-9 .  
1 07 .  Ko lok y t has ,  A . ,  e t  a l . ,  Ner ve  g r ow th  f a c to r  an d  t y ro s i ne  k i na se  A  
r ece p to r  i n  o r a l  squ amo us  c e l l  c a rc inom a:  i s  t he r e  an  as soc ia t io n  
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w i th  pe r i ne u ra l  i nva s io n?  J  O ra l  Ma x i l l o f ac  Surg .  68 ( 6 ) :  p .  1 29 0-
5 .  
1 08 .  Ch en-Ts a i ,  C .P . ,  M.  Co lome -Gr imme r ,  an d  R. F .  W ag ner ,  J r . ,  
Cor r e la t io ns  among  ne ura l  c e l l  ad hes ion  mo lec u le ,  n e rv e  g r ow th  
f a c to r ,  a nd  i t s  r ecep t o rs ,  T rk A ,  T rk B ,  T rk C,  an d  p7 5 ,  i n  pe r i ne u ra l  
i n va s ion  by  bas a l  c e l l  a nd  c u ta ne ou s  s qu amo us  c e l l  ca rc i nomas .  
Derm ato l  Su rg ,  20 04 .  30 ( 7 ) :  p .  10 09- 16 .  
1 09 .  Dem i r ,  I . E . ,  e t  a l . ,  Ne uro na l  p la s t i c i t y  i n  ch r on ic  pa nc re a t i t i s  i s  
me d ia t ed  v i a  t h e  n eur t u r in /GFRa lph a2  ax is .  Am  J  Ph ys io l  
Ga s t ro in t es t  L i ve r  Ph ys io l .  3 03 ( 9 ) :  p .  G1 01 7-2 8 .  
1 10 .  Mu l l e r ,  M.W . ,  e t  a l . ,  As so c ia t io n  o f  ax on  gu ida nc e  f ac to r  
s ema ph or in  3A  w i t h  p oor  ou t come  in  p anc r ea t i c  c ance r .  I n t  J  
Ca nce r ,  20 07 .  12 1 ( 1 1 ) :  p .  24 21- 33 .  
1 11 .  Ma c ias ,  H . ,  e t  a l . ,  SLI T /RO BO1  s i gna l i ng  s up pre ss es  mammary  
b ran ch ing  m orp ho ge ne s is  by  l im i t i ng  b as a l  c e l l  num ber .  De v  Ce l l .  
2 0 ( 6 ) :  p .  8 27 - 40 .  
1 12 .  Ma c ias ,  H .  an d  L .  H inck ,  Mamm ary  g l an d  dev e lo pment .  W i l e y  
I n t e rd i sc ip  Re v  Dev  B io l .  1 ( 4 ) :  p .  53 3 - 57 .  
1 13 .  G r ie shamm er ,  U . ,  e t  a l . ,  SLIT2-me d ia t ed  ROBO2 s i gn a l i ng  
r es t r i c t s  k i dn ey  in du c t io n  t o  a  s in g le  s i t e .  De v  Ce l l ,  2 00 4 .  6 ( 5 ) :  p .  
7 09 - 17 .  
1 14 .  Dom yan ,  E .T . ,  e t  a l . ,  Rou nd ab ou t  re ce p to rs  a re  c r i t i c a l  f o r  
f o r eg u t  s ep ara t i on  f r om t he  bo dy  wa l l .  De v  Ce l l .  24 ( 1 ) :  p .  5 2 -6 3 .  
1 15 .  X ian ,  J . ,  e t  a l . ,  I n ad eq ua t e  lu ng  d ev e lo pment  an d  b ron ch ia l  
h yp erp las ia  i n  m i ce  w i t h  a  t a r ge t ed  d e le t i on  in  t he  Du t t1 / Rob o1  
g en e .  P roc  Na t l  Aca d  Sc i  U  S  A ,  2 00 1 .  9 8 ( 2 6 ) :  p .  15 06 2-6 .  
1 16 .  X ian ,  J . ,  e t  a l . ,  Targ e te d  d is r up t io n  o f  t he  3 p12  ge ne ,  
Du t t 1 /Rob o1 ,  p re d i s po ses  m ice  t o  lu ng  a de noc arc i noma s  a nd  
l ym ph omas  w i t h  me t hy la t i on  o f  t he  ge ne  p romot e r .  Canc er  Res ,  
2 00 4 .  6 4 ( 1 8 ) :  p .  643 2-7 .  
1 17 .  C la rk ,  K . ,  E .  Hammo nd ,  an d  P .  Rabb i t t s ,  Tempor a l  a nd  sp a t ia l  
e xp r ess ion  o f  two  i s o fo rms  o f  t h e  Du t t 1 /Rob o1  ge ne  i n  m ou se  
d ev e lo pment .  FEBS L e t t ,  20 02 .  52 3 ( 1 - 3 ) :  p .  1 2 -6 .  
1 18 .  G re en berg ,  J . M. ,  e t  a l . ,  S l i t  and  r ob o  ex p re ss ion  i n  t he  
d ev e lo p ing  m ou se  lu ng .  De v  Dyn ,  20 04 .  23 0 ( 2 ) :  p .  3 50 - 60 .  
1 19 .  L i u ,  Y . ,  e t  a l . ,  No ve l  r o l e  f o r  Ne t r i n s  i n  r eg u la t in g  e p i t h e l ia l  
b eh av io r  d u r in g  l un g  b ran ch ing  m orph og en es is .  Cur r  B io l ,  20 04 .  
1 4 ( 1 0 ) :  p .  89 7 -9 05 .  
1 20 .  Ma c Mu l l i n ,  A .  an d  J . R .  J ac obs ,  S l i t  co o rd ina tes  ca r d iac  
mor ph og en es is  i n  D ro so ph i la .  De v  B io l ,  20 06 .  29 3 ( 1 ) :  p .  1 54 - 64 .  
1 21 .  He len iu s ,  I .T .  and  G .J .  Be i t e l ,  Th e  f i r s t  " S l i t "  i s  t h e  d eep es t :  t he  
s ec r e t  t o  a  ho l l ow  h ear t .  J  Ce l l  B i o l ,  2 00 8 .  1 82 ( 2 ) :  p .  221 -3 .  
1 22 .  Sa n t i ag o - Mar t i ne z ,  E . ,  N .H .  Sop lop ,  a n d  S .G .  Kr amer ,  La t e ra l  
p os i t i on in g  a t  t h e  d o rs a l  m id l in e :  S l i t  a n d  Ro un dab ou t  re ce p to rs  
g u id e  Dr os op h i l a  he ar t  c e l l  m ig r a t io n .  P r oc  Na t l  Aca d  Sc i  U  S  A ,  
2 00 6 .  1 03 ( 33 ) :  p .  12 44 1-6 .  
1 23 .  L i ao ,  W .X . ,  e t  a l . ,  Pers pec t i ves  o f  SL IT / ROBO  s ign a l in g  in  
p l ac en t a l  an g io ge ne s is .  H is to l  H is t opa t ho l .  25 ( 9 ) :  p .  11 81 -90 .  
1 24 .  He brok ,  M.  a nd  L .F .  Re i ch ard t ,  Br a in  me e ts  p anc r ea s :  n e t r in ,  an  
a xo n  gu ida nc e  m o le cu le ,  co n t ro ls  e p i t h e l ia l  c e l l  m ig r a t i on .  T re nds  
Ce l l  B i o l ,  2 00 4 .  1 4 ( 4 ) :  p .  1 53 - 5 .  
1 25 .  H inck ,  L . ,  The  ve rs a t i l e  r o le s  o f  "axo n  gu ida nce"  c ues  i n  t i ss ue  
mor ph og en es is .  Dev  Ce l l ,  20 04 .  7 ( 6 ) :  p .  78 3 -9 3 .  
 
L i s t  o f  Re f e re nc es  1 26  
1 26 .  Go ldb erg ,  D . ,  e t  a l . ,  S l i t / Ro bo-me d ia te d  ch emor ep u ls io n  o f  va ga l  
s en sory  ax on s  i n  t h e  f e t a l  g u t .  De v  Dyn .  2 42 ( 1 ) :  p .  9 -1 5 .  
1 27 .  Ra tc l i f f e ,  E . M. ,  e t  a l . ,  Net r in / DCC-me d ia t ed  a t t r a c t i on  o f  v ag a l  
s en sory  a xo ns  t o  t he  f e t a l  mo use  g u t .  J  Comp  Neuro l ,  2 006 .  
4 98 ( 5 ) :  p .  56 7 -8 0 .  
1 28 .  Ra tc l i f f e ,  E . M. ,  F .  D ' Au t r ea u x ,  and  M. D.  Gers ho n ,  L am in in  
t e rm ina t es  t h e  Ne t r in / DCC m ed ia t ed  a t t r ac t i on  o f  v ag a l  s ensory  
a xo ns .  De v  Neur ob io l ,  20 08 .  68 ( 7 ) :  p .  9 60 - 71 .  
1 29 .  G i t l e r ,  A . D . ,  M. M.  L u ,  an d  J . A .  Ep s te in ,  P lex in D1  a nd  sema ph or in  
s i gn a l i ng  a re  re qu i r ed  in  en do t he l ia l  c e l l s  f o r  c a rd io va scu la r  
d ev e lo pment .  De v  Ce l l ,  2 00 4 .  7 ( 1 ) :  p .  1 07 - 16 .  
1 30 .  To r r es - Va zq u e z,  J . ,  e t  a l . ,  Sema pho r i n -p l ex in  s ig na l in g  gu ides  
p a t t e r n in g  o f  t h e  de ve lop ing  v asc u la tu re .  De v  Ce l l ,  2 004 .  7 ( 1 ) :  p .  
1 17 - 23 .  
1 31 .  V i l l eg as ,  G .  and  A .  Tu f ro ,  Onto ge ny  o f  sem ap hor i ns  3A a n d  3 F  
a nd  t he i r  r e ce p to rs  n eur op i l i n s  1  a nd  2  i n  t he  k i dn ey .  Ge ne  Expr  
Pa t t e rns ,  20 02 .  2 ( 1 - 2 ) :  p .  1 51 - 5 .  
1 32 .  De  Bre uck ,  S . ,  e t  a l . ,  Net r in - 1  e xp r ess ion  i n  f e t a l  and  
r ege ner a t in g  ra t  p an c re as  a nd  i t s  e f f ec t  o n  t h e  m ig ra t io n  o f  
h uma n  p an c re a t i c  d uc t  an d  p o rc in e  i s l e t  p r ec u rso r  ce l l s .  
D ia be to l og ia ,  2 00 3 .  4 6 ( 7 ) :  p .  9 26 - 33 .  
1 33 .  I t o ,  T . ,  e t  a l . ,  Repu l s i ve  ax on  gu idanc e  mo lecu le  Sema3 A  in h ib i t s  
b ran ch ing  m orp ho ge ne s is  o f  f e t a l  mou se  l un g .  Me ch  De v ,  20 00 .  
9 7 ( 1 -2 ) :  p .  35 - 45 .  
1 34 .  Kag os h ima ,  M.  and  T .  I t o ,  Dive r se  ge ne  exp r es s ion  a nd  f unc t i on  
o f  sem ap hor in s  in  de ve lop in g  lu ng :  po s i t i ve  an d  n eg a t i ve  
r egu la to r y  ro l es  o f  s emap hor in s  in  l un g  b ran ch ing  
mor ph og en es is .  G en es  Ce l l s ,  20 01 .  6 ( 6 ) :  p .  5 59 - 71 .  
1 35 .  Go e l ,  H . L . ,  e t  a l . ,  Neur op i l i n -2  p romot es  b ran ch ing  
mor ph og en es is  in  t h e  m ous e  mammar y  g la nd .  De ve lopm ent .  
1 38 ( 14 ) :  p .  2 96 9-76 .  
1 36 .  Per a la ,  N . ,  e t  a l . ,  Sema 4 C-P lex in  B2  s ig na l l i n g  mo du la tes  
u re te r i c  b r an ch in g  i n  de ve lop in g  k i dne y .  D i f f e re n t ia t i on .  8 1 ( 2 ) :  p .  
8 1 -9 1 .  
1 37 .  Ye bra ,  M. ,  e t  a l . ,  Re co gn i t i o n  o f  t h e  ne ura l  c hem oat t ra c ta n t  
Ne t r i n -1  b y  i n te g r i n s  a lp ha 6b e ta 4  a nd  a l ph a3 be t a1  r egu la tes  
e p i t h e l ia l  c e l l  a dhe s io n  a nd  m ig ra t i on .  De v  Ce l l ,  2 00 3 .  5 ( 5 ) :  p .  
6 95 - 70 7 .  
1 38 .  Ye bra ,  M. ,  e t  a l . ,  End o th e l i um-d er i v ed  Ne t r in - 4  s u ppor t s  
p an c re a t i c  ep i t he l ia l  c e l l  a dh es io n  a nd  d i f f e re n t i a t io n  t h ro ugh  
i n t eg r i ns  a lp ha 2be t a1  a nd  a lp ha 3be t a1 .  PLo S  O ne .  6 ( 7 ) :  p .  
e 22 75 0 .  
1 39 .  S ta t on ,  C . A . ,  Clas s  3  s ema ph or ins  a nd  t h e i r  r e cep t o rs  i n  
p hy s io lo g ic a l  a nd  p a th o lo g ica l  a ng iog en es is .  B i oc hem  Soc  T r an s .  
3 9 ( 6 ) :  p .  1 56 5-7 0 .  
1 40 .  S ta t on ,  C . A . ,  e t  a l . ,  Ex pre ss io n  o f  c l as s  3  s emap hor i ns  a nd  t h e i r  
r ece p to r s  i n  h uman  b rea s t  ne op las ia .  H is t op a th o log y .  5 9 ( 2 ) :  p .  
2 74 - 82 .  
1 41 .  Ram esh ,  G . ,  A .  Be rg ,  a nd  C.  J a yakum ar ,  P lasm a  ne t r i n - 1  i s  a  
d i ag no s t i c  b iom arke r  o f  hum an  c an ce rs .  B i omark e rs .  1 6 ( 2 ) :  p .  
1 72 - 80 .  
1 42 .  Ca s t ro - R i ve r a ,  E . ,  e t  a l . ,  Sem ap hor i n  3B  i n h ib i t s  t he  
p ho sp ha t i dy l in os i t o l  3 - k in as e /Ak t  pa t hwa y  t h r ou gh  n eur op i l i n -1  in  
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l u ng  a nd  b r ea s t  c an cer  c e l l s .  Ca nc er  Re s ,  2 00 8 .  68 ( 20 ) :  p .  82 95-
3 03 .  
1 43 .  Yac ou b ,  M. ,  e t  a l . ,  Di f f e r en t i a l  e xp r es s io n  o f  t h e  s emap hor i n  3A  
p a thw ay  i n  p r os t a t i c  ca nc er .  H is to pa th o log y ,  20 09 .  5 5 ( 4 ) :  p .  392 -
8 .  
1 44 .  Ka t o ,  S . ,  e t  a l . ,  Sema ph or in  4 D,  a  l ym pho cy t e  sem ap hor in ,  
e nh an ce s  t umor  c e l l  m o t i l i t y  t h r ou gh  b in d in g  i t s  r ece p to r ,  
p l ex i nB1 ,  i n  p an c rea t i c  ca nc er .  Can cer  Sc i .  1 02 ( 11 ) :  p .  20 29- 37 .  
1 45 .  Ga bro vsk a ,  P . N . ,  e t  a l . ,  Semap ho r i n -p l ex in  s i gn a l l i n g  ge nes  
a ss oc ia t ed  w i t h  h uma n  b r eas t  t umour i g en es is .  Ge ne .  48 9 ( 2 ) :  p .  
6 3 -9 .  
1 46 .  Pa n ,  H . ,  e t  a l . ,  Auto c r in e  sem ap hor i n3 A  s t im u la te s  a l pha 2  b e ta1  
i n t eg r i n  ex p re ss io n / f u nc t i on  in  b r ea s t  t um or  ce l l s .  B re as t  Cancer  
Re s  T rea t ,  2 00 9 .  11 8 ( 1 ) :  p .  1 97 - 20 5 .  
1 47 .  Tse ng ,  C . H. ,  e t  a l . ,  Sem a3 E/p le x in -D1  m ed ia te d  e p i t h e l ia l - t o -
me se nch yma l  t r ans i t i on  i n  ov a r i an  e nd omet r i o id  ca nce r .  PL oS 
On e .  6 ( 4 ) :  p .  e1 939 6 .  
1 48 .  Dum ar t i n ,  L . ,  e t  a l . ,  Net r i n -1  m ed ia tes  e a r l y  eve n ts  i n  pa nc r ea t i c  
a de no car c i nom a  p r og r ess ion ,  ac t in g  o n  t umor  an d  en do t he l ia l  
c e l l s .  Gas t r oe n te r o l og y .  13 8 ( 4 ) :  p .  159 5-6 06 ,  16 06  e1 - 8 .  
1 49 .  Nü ss le i n -Vo lh a rd ,  C . ,  E .  W iesc ha us ,  a n d  H.  K lu d ing ,  Mut a t io ns  
a f f ec t i ng  t h e  pa t t e r n  o f  t h e  l a r v a l  cu t i c l e  i n Dr oso ph i la  
me lan og as te r .  W i l he lm  Rou x ' s  a r ch i ves  o f  d e ve lo pment a l  b i o log y ,  
1 98 4 .  1 93 ( 5 ) :  p .  267 -28 2 .  
1 50 .  Ro t hb erg ,  J . M. ,  e t  a l . ,  s l i t :  an  EGF-hom o lo go us  l ocu s  o f  D .  
me lan og as te r  i n vo l v ed  i n  t he  d ev e lo pme nt  o f  t he  embr yo n ic  
c en t r a l  n e rvo us  sys t em.  Ce l l ,  19 88 .  55 ( 6 ) :  p .  10 47- 59 .  
1 51 .  B ros e ,  K . ,  e t  a l . ,  S l i t  p ro t e ins  b in d  Ro bo  r ece p to r s  and  ha ve  a n  
e vo lu t ion a r i l y  co nse rve d  r o le  i n  r ep u l s i v e  ax on  gu ida nc e .  Ce l l ,  
1 99 9 .  9 6 ( 6 ) :  p .  7 95 - 806 .  
1 52 .  Ch ed o ta l ,  A . ,  S l i t s  a nd  t h e i r  r ece p to rs .  Ad v  Exp  Me d  B io l ,  2 00 7 .  
6 21 :  p .  6 5 -8 0 .  
1 53 .  Me h le n ,  P . ,  C .  De l l o ye - Bo urg eo i s ,  a nd  A .  Che do t a l ,  Nov e l  r o l es  
f o r  S l i t s  an d  ne t r ins :  ax on  gu ida nce  cu es  as  an t i ca ncer  t a r ge t s?  
Na t  Re v  Can cer .  11 ( 3 ) :  p .  18 8 -9 7 .  
1 54 .  I t o h ,  A . ,  e t  a l . ,  Clo n ing  a nd  exp res s io ns  o f  t h r ee  mamm a l i an  
h omo log ues  o f  Dros op h i la  s l i t  s ug ge s t  p os s ib le  r o le s  f o r  S l i t  i n  
t h e  f o rmat io n  a nd  ma in te na nce  o f  t he  n e r vou s  s ys tem.  B ra i n  Res  
Mo l  B ra i n  Res ,  19 98 .  62 ( 2 ) :  p .  17 5 -8 6 .  
1 55 .  Ho wi t t ,  J . A . ,  N . J .  C lo u t ,  an d  E .  Hoh en es t e r ,  B ind ing  s i t e  f o r  Ro bo  
r ece p to r s  re ve a led  b y  d i ss ec t io n  o f  t he  l eu c in e - r i ch  r ep ea t  r e g ion  
o f  S l i t .  EMBO J ,  2 00 4 .  2 3 ( 2 2 ) :  p .  44 06- 12 .  
1 56 .  Ro t hb erg ,  J . M. ,  e t  a l . ,  s l i t :  a n  ex t r ac e l l u l a r  p ro t e in  n ec es sar y  f o r  
d ev e lo pment  o f  m id l i ne  g l i a  a nd  comm is su r a l  ax on  p a thw ays  
c on t a ins  bo t h  EG F a nd  LRR doma ins .  Ge nes  De v,  1 99 0 .  4 ( 12A) :  
p .  21 69- 87 .  
1 57 .  Ng u ye n- Ba- Ch ar ve t ,  K .T .  a nd  A .  Che do t a l ,  Ro le  o f  S l i t  p ro t e in s  in  
t h e  v e r te b ra t e  b r a in .  J  Ph ys io l  Pa r i s ,  2 00 2 .  9 6 ( 1 - 2 ) :  p .  91 -8 .  
1 58 .  Ro t hb erg ,  J . M.  a nd  S .  A r t a va n is -Ts ak on as ,  Mo du la r i t y  o f  t he  s l i t  
p ro te i n .  Char ac te r i za t i o n  o f  a  co ns erv ed  c a rb oxy - te rm ina l  
s eq ue nc e  in  se c r e ted  p r o te i ns  an d  a  mot i f  im p l i c a te d  in  
e x t ra ce l lu l a r  p r o te i n  i n te ra c t io ns .  J  Mo l  B io l ,  1 99 2 .  22 7 ( 2 ) :  p .  
3 67 - 70 .  
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1 59 .  Ho he nes t e r ,  E . ,  e t  a l . ,  Th e  c rys t a l  s t r u c tu r e  o f  a  l am in in  G- l i ke  
mo du le  r eve a ls  t h e  m o le cu la r  b as is  o f  a l p ha- dys t r og l ycan  b i nd ing  
t o  l am in in s ,  p e r leca n ,  a nd  ag r i n .  Mo l  Ce l l ,  1 99 9 .  4 ( 5 ) :  p .  7 83- 92 .  
1 60 .  Ho he nes t e r ,  E . ,  St ruc t u ra l  i ns i gh t  i n to  S l i t - Ro bo  s i gn a l l i ng .  
B i oc hem So c  T rans ,  2 00 8 .  3 6 (P t  2 ) :  p .  2 51 - 6 .  
1 61 .  Ba l la r d ,  M.S .  an d  L .  H inck ,  A ro und ab ou t  w ay  t o  can cer .  Ad v  
Ca nce r  Res .  1 14 :  p .  1 87 - 23 5 .  
1 62 .  Ng u ye n  Ba- Ch ar ve t ,  K .T . ,  e t  a l . ,  Div e rs i t y  an d  s pe c i f i c i t y  o f  
a c t io ns  o f  S l i t 2  p ro te o ly t i c  f r a gment s  in  a xon  g u ida nc e .  J  
Ne uro sc i ,  2 00 1 .  2 1 ( 12 ) :  p .  42 81- 9 .  
1 63 .  Zha ng ,  F . ,  e t  a l . ,  St r uc tu ra l  de t e rm in an ts  o f  he para n  su l f a te  
i n t e ra c t ion s  w i t h  S l i t  p ro t e in s .  B i och em  B iop h ys  Res  Comm un,  
2 00 4 .  3 17 ( 2 ) :  p .  352 -7 .  
1 64 .  Se eg er ,  M. ,  e t  a l . ,  Mut a t io ns  a f f ec t i ng  g r ow th  c on e  g u id an ce  in  
D ro so ph i la :  ge ne s  n ec es sary  f o r  gu id an ce  t owar d  o r  awa y  f r om 
th e  m id l in e .  Neur on ,  19 93 .  10 ( 3 ) :  p .  4 09 - 26 .  
1 65 .  L i u ,  Z . ,  e t  a l . ,  Ex t ra ce l l u l a r  I g  doma ins  1  an d  2  o f  Ro bo  a re  
imp or ta n t  f o r  l i g an d  ( S l i t )  b in d ing .  Mo l  Ce l l  Ne ur osc i ,  2 004 .  
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t h e  mamma l i an  f o re b ra in .  Neur on ,  200 2 .  3 3 ( 2 ) :  p .  2 33 - 48 .  
2 85 .  K im ,  H .N. ,  e t  a l . ,  G en e  ex p res s io n  p ro f i l i ng  i n  l ymph  n od e-
p os i t i v e  a nd  l ymph  no de- ne ga t i ve  pa nc r ea t i c  ca nc er .  Pa nc reas ,  
2 00 7 .  3 4 ( 3 ) :  p .  3 25 - 34 .  
2 86 .  B ra n t l e y- S ie der s ,  D . M. ,  e t  a l . ,  Ang ioc r i ne  f a c to r s  m od u la t e  t umor  
p ro l i f e r a t io n  an d  mot i l i t y  t h ro ug h  Ep hA2  re p re ss io n  o f  S l i t 2  t umor  
s up pre ssor  f u nc t ion  i n  en do t he l ium.  Ca nce r  Res .  7 1 ( 3 ) :  p .  9 76 -
8 7 .  
2 87 .  Zho u ,  W .J . ,  e t  a l . ,  Sl i t - Ro bo  s ig na l i ng  in duc es  ma l i gn an t  
t r a ns f o rmat io n  t h ro ug h  Ha ka i -me d ia te d  E-c ad her i n  d eg rad a t ion  
d u r in g  c o lo r ec t a l  ep i t he l i a l  ce l l  ca r c in og en es is .  Ce l l  Re s .  2 1 ( 4 ) :  
p .  60 9 -2 6 .  
2 88 .  L ong ,  J . ,  e t  a l . ,  De ve lo pme nt  o f  a  u n iqu e  mo use  mo de l  f o r  
p an c re a t i c  c an cer  l ym ph a t i c  me t as ta s is .  I n t  J  O nco l ,  20 12 .  41 ( 5 ) :  
p .  16 62- 8 .  
2 89 .  He ,  H . ,  e t  a l . ,  The  m ic r o RNA- 218  an d  ROBO-1  s i gn a l i n g  a x is  
c o r re l a te s  w i t h  t he  l ym ph a t i c  m e ta s ta s is  o f  p an c re a t i c  c an cer .  
On co l  Re p ,  2 01 3 .  30 ( 2 ) :  p .  65 1 -8 .  
2 90 .  Ya ng ,  L . ,  e t  a l . ,  S i l e nc ing  o f  m iRNA-2 18  p rom otes  m ig ra t i on  and  
i n va s ion  o f  b rea s t  c an cer  v ia  S l i t2 -Rob o1  pa t hway .  B i ome d  
Ph armac o th e r ,  2 012 .  66 ( 7 ) :  p .  53 5 -4 0 .  
2 91 .  D i ck i nso n ,  R . E . ,  e t  a l . ,  Ep ige ne t i c  i n ac t i v a t ion  o f  SL I T3  and  
SL I T1  ge nes  i n  hum an  ca ncer s .  B r  J  Ca nc er ,  2 00 4 .  9 1 ( 1 2 ) :  p .  
2 07 1-8 .  
2 92 .  K im ,  H . K . ,  e t  a l . ,  S l i t 2  in h ib i t s  g row th  an d  met as t as is  o f  
f i b r os a rc oma  an d  s q uamo us  ce l l  ca rc in oma.  Ne op las i a ,  20 08 .  
1 0 ( 1 2 ) :  p .  14 11- 20 .  
2 93 .  Mo u ra t i d i s ,  P .X . ,  K .W .  Co l s to n ,  an d  A .G .  Da lg l e i s h ,  Do xyc yc l ine  
i n du ces  c asp as e-d ep en de n t  ap op tos i s  in  hum an  pa nc r ea t i c  
c an cer  c e l l s .  I n t  J  Ca nce r ,  20 07 .  12 0 ( 4 ) :  p .  7 43 - 52 .  
2 94 .  So n ,  K . ,  e t  a l . ,  Dox ycy c l i ne  i ndu ce s  ap op t os is  in  PANC-1  
p an c re a t i c  c an cer  c e l l s .  An t i c an cer  Re s ,  2 00 9 .  2 9 ( 1 0 ) :  p .  3 99 5-
4 00 3 .  
2 95 .  Y i i n ,  J . J . ,  e t  a l . ,  S l i t 2  in h ib i t s  g l i oma  c e l l  i nv as io n  i n  t h e  b r a in  by  
s up pre ss io n  o f  Cdc 42  ac t i v i t y .  Ne uro  O nco l ,  20 09 .  1 1 ( 6 ) :  p .  7 79 -
8 9 .  
2 96 .  P ras ad ,  A . ,  e t  a l . ,  S l i t  p ro te i n -me d ia t ed  i nh ib i t i on  o f  CXCR4-
i n du ce d  c hemot ac t i c  an d  c hem o inv as i ve  s i gn a l in g  p a thw ays  in  
b rea s t  c anc er  c e l l s .  J  B io l  Ch em,  2 004 .  27 9 ( 1 0 ) :  p .  91 15- 24 .  
2 97 .  P ras ad ,  A . ,  e t  a l . ,  S l i t - 2  in du ce s  a  t um or -s up pre ss iv e  e f f ec t  by  
r egu la t in g  b e ta -c a te n in  i n  b r ea s t  ca nce r  ce l l s .  J  B io l  Chem,  2 00 8 .  
2 83 ( 39 ) :  p .  2 66 24-3 3 .  
2 98 .  Yu asa- Ka wad a ,  J . ,  e t  a l . ,  De ub iqu i t i n a t in g  e n zy m e USP3 3 /VDU1 
i s  re qu i re d  f o r  S l i t  s i gn a l in g  in  i nh ib i t i n g  b r ea s t  c an cer  ce l l  
m ig r a t io n .  P r oc  Na t l  Aca d  Sc i  U  S  A ,  20 09 .  10 6 ( 3 4 ) :  p .  145 30- 5 .  
2 99 .  W erbo wetsk i -Og i l v ie ,  T .E . ,  e t  a l . ,  I nh i b i t i o n  o f  med u l lob las t oma 
c e l l  i nv as io n  b y  S l i t .  On cog en e ,  2 00 6 .  2 5 ( 3 7 ) :  p .  51 03- 12 .  
 
L i s t  o f  Re f e re nc es  1 36  
3 00 .  Me r t sc h ,  S . ,  e t  a l . ,  S l i t 2  i nvo l vem ent  i n  g l i oma  ce l l  m ig ra t io n  i s  
me d ia t ed  by  Ro bo 1  re ce p to r .  J  Neur oon co l ,  20 08 .  8 7 ( 1 ) :  p .  1 -7 .  
3 01 .  Schm id ,  B . C . ,  e t  a l . ,  Th e  n eur on a l  g u id an ce  c ue  S l i t 2  i nd uc es  
t a r ge t ed  m ig ra t i on  a n d  may  p lay  a  r o l e  in  b ra i n  me t as t as is  o f  
b rea s t  ca nc er  ce l l s .  B re as t  Can cer  Re s  T re a t ,  20 07 .  1 06 ( 3 ) :  p .  
3 33 - 42 .  
3 02 .  T i e ,  J . ,  e t  a l . ,  MiR-2 18  i nh ib i t s  i n vas io n  a nd  m eta s tas i s  o f  ga s t r i c  
c an cer  by  t a r ge t i ng  t h e  Rob o1  rec ep t o r .  PLo S  Ge ne t .  6 ( 3 ) :  p .  
e 10 00 87 9 .  
3 03 .  Kh us ia l ,  P . R . ,  e t  a l . ,  Sr c  ac t i v a te s  Ab l  t o  au gment  Ro bo1  
e xp r ess ion  i n  o r de r  t o  p r omote  t umor  c e l l  m ig ra t i on .  O nc o ta rg e t .  
1 ( 3 ) :  p .  19 8 -2 09 .  
3 04 .  Ro nca ,  F . ,  e t  a l . ,  Ch ara c te r i za t io n  o f  S l i t  p ro t e in  in t e ra c t io ns  w i t h  
g l yp ic an- 1 .  J  B io l  Ch em,  20 01 .  27 6 ( 31 ) :  p .  2 91 41- 7 .  
3 05 .  Se i r adak e ,  E . ,  e t  a l . ,  St r uc tu r e  an d  f u nc t i on a l  r e l eva nce  o f  t he  
S l i t 2  hom od imer i za t io n  dom a in .  EMBO Rep ,  2 00 9 .  10 ( 7 ) :  p .  7 36 -
4 1 .  
3 06 .  Ch en ,  Z . B . ,  e t  a l . ,  S l i t -Rob o  GTPa se- ac t i v a t in g  p r o te i ns  a re  
d i f f e re n t ia l l y  exp res se d  in  mur i ne  do rs a l  r o o t  g an g l i a :  mo du la t ion  
b y  pe r ip he r a l  ne rve  i n ju r y .  An a t  Rec  ( Ho bok e n) .  29 5 ( 4 ) :  p .  6 52 -
6 0 .  
3 07 .  Cam ur r i ,  L . ,  e t  a l . ,  Ev ide nce  f o r  t he  e x is te nc e  o f  two  Ro bo3  
i s o fo rms  w i t h  d iv e rg en t  b io ch emic a l  p r op er t ie s .  Mo l  Ce l l  
Ne uro sc i ,  2 00 5 .  3 0 ( 4 ) :  p .  4 85 - 93 .  
3 08 .  Ace ve do ,  L . M. ,  S .M.  W e is ,  and  D. A .  Ch ere sh ,  Rob o4  c ou n te r ac t s  
VEG F s ig na l in g .  Na t  Me d ,  20 08 .  14 ( 4 ) :  p .  37 2 -3 .  
3 09 .  L i u ,  D . ,  e t  a l . ,  Ne uro na l  ch emore pe l l en t  S l i t 2  in h ib i t s  vas cu la r  
sm oo t h  mu sc le  c e l l  m ig ra t i on  by  s up pr ess ing  sma l l  G TPa se  Rac1  
a c t i va t i on .  C i r c  Res ,  20 06 .  98 ( 4 ) :  p .  48 0 -9 .  
3 10 .  Gor bu no va ,  E . E . ,  I . N .  Ga v r i l o vsk a ya ,  an d  E . R.  Ma ck ow,  S l i t 2 -
Ro bo 4  re ce p to r  r es po ns es  in h ib i t  ANDV d i re c te d  p e rmea b i l i t y  o f  
h uma n  lu ng  m ic r ova sc u la r  end o th e l ia l  c e l l s .  An t i v i r a l  Res .  99 ( 2 ) :  
p .  10 8 -1 2 .  
3 11 .  Se t h ,  P . ,  e t  a l . ,  Ma g ic  r ou nd ab ou t ,  a  t umor  en do t he l ia l  m arke r :  
e xp r ess ion  a nd  s ign a l in g .  B i oc hem  B io ph ys  Res  Comm un,  2 005 .  
3 32 ( 2 ) :  p .  53 3 -4 1 .  
3 12 .  Ka ur ,  S . ,  e t  a l . ,  Ro bo 4  s i gn a l in g  in  en do th e l ia l  ce l l s  imp l ie s  
a t t r ac t i on  g u id an ce  m ec ha n i sms .  J  B io l  Ch em,  20 06 .  28 1 ( 1 6 ) :  p .  
1 13 47- 56 .  
3 13 .  Ka ur ,  S . ,  e t  a l . ,  S i le nc ing  o f  d i r e c t i ona l  m ig r a t io n  in  ro un da bo u t4  
k no ckd own en do t he l i a l  ce l l s .  BMC Ce l l  B i o l ,  20 08 .  9 :  p .  6 1 .  
3 14 .  L on do n ,  N .R.  and  D. Y .  L i ,  Rob o4 -de pe nd en t  S l i t  s i gn a l ing  
s t ab i l i ze s  t he  v asc u la t u re  d u r i ng  pa t ho log ic  a ng iog en es i s  a nd  
c y tok i ne  s to rm .  Cur r  Op in  Hemat o l .  18 ( 3 ) :  p .  18 6 -9 0 .  
3 15 .  Ng u ye n- Ba- Ch ar ve t ,  K .T . ,  e t  a l . ,  Se ns ory  ax on  r es po ns e  t o  
s ub s t ra t e -b ou nd  S l i t 2  i s  m od u la te d  by  l am in in  an d  c yc l i c  G MP.  
Mo l  Ce l l  Ne uro sc i ,  2 00 1 .  1 7 ( 6 ) :  p .  1 048 -58 .  
3 16 .  Zhe ng ,  W . ,  e t  a l . ,  Ro bo 4  re gu la tes  t he  r ad ia l  m ig ra t i on  o f  
n ewb orn  ne uro ns  in  d eve lop ing  ne oco r tex .  Cere b  Cor t ex .  22 ( 11 ) :  
p .  25 87- 60 1 .  
3 17 .  Fu j i s a wa ,  K . ,  J . L .  W rana ,  an d  J .G .  Cu lo t t i ,  The  s l i t  r ec ep t o r  EVA-
1  c oa c t i va t es  a  SAX-3 / Rob o  m ed ia t ed  gu id an ce  s ign a l  i n  C .  
e l eg an s .  Sc i en ce ,  2 00 7 .  3 17 ( 58 46) :  p .  1 93 4-8 .  
 
L i s t  o f  Re f e re nc es  1 37  
3 18 .  J ame s ,  G . ,  e t  a l . ,  The  Expr es s ion  Pa t t e r n  o f  EVA1C,  a  No ve l  S l i t  
Re cep t o r ,  I s  Con s is t en t  w i t h  an  Ax on  Gu ida nce  Ro le  i n  t h e  Mou se  
Ner vo us  Sys t em.  PL o S One .  8 ( 9 ) :  p .  e7 41 15 .  
3 19 .  W u,  J . Y . ,  e t  a l . ,  The  n eur on a l  r ep e l l e n t  S l i t  i n h ib i t s  l e uk ocy te  
c hem otax i s  i nd uce d  b y  ch emot ac t i c  f ac to r s .  Na tu re ,  20 01 .  
4 10 ( 68 31) :  p .  9 48 -5 2 .  
3 20 .  Ge u tsk en s ,  S . B . ,  P . L .  Ho rd i j k ,  an d  P . B .  va n  Hen n ik ,  The  
c hem ore pe l le n t  S l i t 3  p rom otes  mo noc y te  m ig r a t i on .  J  Immu no l .  
1 85 ( 12 ) :  p .  7 69 1-8 .  
3 21 .  Sh ib a ta ,  F . ,  e t  a l . ,  Ro un da bo u t  4  i s  e xp r ess ed  on  hemat op o ie t i c  
s t em  c e l l s  an d  p o te n t ia l l y  i nv o lve d  i n  t he  n ic he-me d ia t ed  
r egu la t io n  o f  t he  s i de  po pu la t i on  phe no t yp e .  S t em  Ce l l s ,  20 09 .  
2 7 ( 1 ) :  p .  1 83 - 90 .  
3 22 .  L on do n ,  N . R. ,  e t  a l . ,  Targ e t i ng  Ro bo 4- dep en de n t  S l i t  s ign a l in g  t o  
s u rv iv e  t h e  cy t ok in e  s t o rm  i n  se ps is  an d  i n f lu en za .  Sc i  T ran s l  
Me d .  2 ( 23 ) :  p .  2 3 ra1 9 .  
3 23 .  E ib l ,  G .  a nd  H. A .  Re ber ,  A xen ogra f t  n ude  m ou se  mo de l  f o r  
p e r in eu r a l  i nv as io n  a nd  re cu r r enc e  i n  p anc r ea t i c  c ancer .  
Pa nc re as ,  20 05 .  31 ( 3 ) :  p .  2 58 - 62 .  
3 24 .  Ko id e ,  N . ,  e t  a l . ,  Es t ab l i s hme n t  o f  pe r i n eu r a l  i nva s io n  mo de l s  and  
a na l ys is  o f  ge ne  ex p re ss io n  r ev ea le d  a n  i nv a r ia n t  c ha in  ( CD74)  
a s  a  po ss ib l e  mo lec u le  in vo lv ed  i n  pe r i ne ura l  i nva s io n  in  
p an c re a t i c  c an cer .  C l i n  Ca ncer  Res ,  20 06 .  12 ( 8 ) :  p .  24 19- 26 .  
3 25 .  G i l ,  Z . ,  e t  a l . ,  Nerv e-s par i ng  t h e ra py  w i t h  o nc o l y t i c  h e rp es  v i r us  
f o r  ca nc ers  w i t h  ne ura l  i nva s io n .  C l in  Canc er  Res ,  20 07 .  13 ( 21 ) :  
p .  64 79- 85 .  
3 26 .  G i l ,  Z . ,  e t  a l . ,  Ut i l i t y  o f  a  h e rp es  o nco l y t i c  v i r us  f o r  t he  de tec t i on  
o f  ne ura l  i nva s io n  b y  c anc er .  Ne op la s i a ,  20 08 .  10 ( 4 ) :  p .  3 47 - 53 .  
3 27 .  Da i ,  H . ,  e t  a l . ,  En ha nce d  s u rv iv a l  i n  pe r i ne u ra l  i nv as ion  o f  
p an c re a t i c  ca ncer :  a n  i n  v i t r o  a ppr oa ch .  Hum  Pa t ho l ,  20 07 .  38 ( 2 ) :  
p .  29 9 -3 07 .  
3 28 .  Ya ng ,  G . ,  e t  a l . ,  Pe r i ne ura l  i nvas io n  o f  p r os ta t e  c a rc in oma  ce l l s  
i s  a ss oc ia t ed  w i t h  r edu ce d  a pop t o t i c  i n de x .  Canc er ,  1 996 .  78 ( 6 ) :  
p .  12 67- 71 .  
3 29 .  Gh as hg ha e i ,  H .T . ,  C .  L a i ,  an d  E .S .  An t on ,  Neur on a l  m ig r a t i on  i n  
t h e  ad u l t  b r a i n :  a re  w e  th e re  ye t ?  Na t  Re v  Ne uro sc i ,  20 07 .  8 ( 2 ) :  
p .  14 1 -5 1 .  
3 30 .  Kas eme ie r -Ku le sa ,  J . C . ,  e t  a l . ,  Ep h/e phr i ns  an d  N-c ad her in  
c oo r d in a te  t o  c on t r o l  t h e  pa t t e rn  o f  s ympa t he t i c  g an g l ia .  
De ve lo pme nt ,  2 00 6 .  1 33 ( 24 ) :  p .  4 83 9-4 7 .  
3 31 .  Kas eme ie r -Ku le sa ,  J . C . ,  e t  a l . ,  CXCR4  co n t ro ls  ve n t ra l  m ig r a t ion  
o f  symp a th e t i c  p rec u rs o r  ce l l s .  J  Neur osc i .  3 0 ( 3 9 ) :  p .  130 78- 88 .  
3 32 .  Ke arns ,  S . M. ,  e t  a l . ,  Ex t r ac e l lu la r  ma t r i x  e f f e c t s  o n  neu ros ph ere  
c e l l  mo t i l i t y .  Exp  Ne uro l ,  20 03 .  18 2 ( 1 ) :  p .  24 0 -4 .  
3 33 .  Schm id t ,  S .  a nd  P .  F r ie d l ,  I n te r s t i t i a l  c e l l  m ig r a t io n :  i n t eg r in -
d ep en de n t  a nd  a l t e r na t i ve  ad hes ion  me ch an ism s .  Ce l l  T i ssue  
Re s .  33 9 ( 1 ) :  p .  8 3 -9 2 .  
3 34 .  Me h e s ,  E . ,  e t  a l . ,  Dys t r og l yca n  i s  i nvo l ve d  in  l am in in -1 -s t im u la te d  
mot i l i t y  o f  Mu l le r  g l i a l  ce l l s :  c omb ined  v e lo c i t y  an d  d i rec t i on a l i t y  
a na l ys is .  G l ia ,  20 05 .  49 ( 4 ) :  p .  49 2 -5 00 .  
3 35 .  Pa le cek ,  S . P . ,  e t  a l . ,  I n teg r i n - l i g an d  b i nd in g  p r op er t i es  govern  
c e l l  m ig ra t io n  s pe ed  t h ro ug h  ce l l - s ub s t ra t um ad hes i ve ness .  
Na t u re ,  19 97 .  3 85 ( 6 61 6) :  p .  53 7 -4 0 .  
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3 36 .  Fe re o l ,  S . ,  e t  a l . ,  Mic ro pa t t e rn ed  ECM s ub s t ra t es  re ve a l  
c omp lemen t a ry  con t r i bu t i on  o f  l ow  a nd  h i gh  a f f i n i t y  l i g an ds  t o  
n eur i t e  o u tg r ow th .  Cy to sk e le to n  ( Ho bok e n) .  6 8 ( 7 ) :  p .  3 73 -88 .  
3 37 .  G r i t se nk o ,  P .G . ,  O .  I l i n a ,  a nd  P .  F r ie d l ,  I n t e r s t i t i a l  gu id an ce  o f  
c an cer  in va s ion .  J  Pa t ho l .  2 26 ( 2 ) :  p .  1 85 - 99 .  
3 38 .  Zama n,  M.H. ,  e t  a l . ,  Migr a t ion  o f  t umor  ce l l s  i n  3D  mat r i ce s  i s  
g ov ern ed  by  m at r i x  s t i f f ne ss  a lo ng  w i t h  ce l l -ma t r i x  a dhe s io n  a nd  
p ro te o lys i s .  P roc  Na t l  Ac ad  Sc i  U  S  A ,  20 06 .  10 3 ( 2 9 ) :  p .  108 89-
9 4 .  
3 39 .  Bak er ,  E .L . ,  R .T .  Bo nn ec a ze ,  a nd  M. H .  Zam an,  Ex t ra ce l l u l a r  
ma t r i x  s t i f f n es s  a nd  a r ch i t e c tu r e  gove rn  i n t rac e l lu l a r  r he o lo gy  i n  
c an cer .  B io ph ys  J ,  2 00 9 .  9 7 ( 4 ) :  p .  1 013 -21 .  
3 40 .  F r i ed l ,  P . ,  E .B .  B ro ck er ,  a nd  K . S .  Za nk er ,  I n t eg r i ns ,  ce l l  m a t r i x  
i n t e ra c t ion s  a nd  c e l l  m ig r a t i on  s t r a te g ie s :  f un dam ent a l  
d i f f e re nc es  i n  l eu ko cy t es  a nd  t umor  c e l l s .  Ce l l  Ad hes  Commun,  
1 99 8 .  6 ( 2 -3 ) :  p .  2 25 -36 .  
3 41 .  F r i ed l ,  P . ,  K .S .  Zank er ,  a nd  E .B .  B r ock er ,  Ce l l  m ig r a t io n  
s t r a te g ies  i n  3 - D  ex t r ac e l l u la r  ma t r i x :  d i f f e r en ces  i n  m orp ho logy ,  
c e l l  m a t r i x  i n te r ac t i o ns ,  a nd  in t eg r in  f u nc t i on .  M i c ro sc  Re s  Te ch ,  
1 99 8 .  4 3 ( 5 ) :  p .  3 69 - 78 .  
3 42 .  Rh ee ,  J . ,  e t  a l . ,  Cab les  l i nks  Rob o-b ou nd  Ab l  k ina se  t o  N-
c ad her i n -b ou nd  be ta - ca t en in  t o  me d ia t e  S l i t - i nd uc ed  mo du la t ion  
o f  ad he s ion  an d  t r a ns c r ip t io n .  Na t  Ce l l  B io l ,  2 00 7 .  9 ( 8 ) :  p .  88 3 -
9 2 .  
3 43 .  Sh ih ,  W .  an d  S .  Yama da ,  N-c ad he r i n  a s  a  k ey  r eg u la t o r  o f  
c o l lec t i ve  ce l l  m ig ra t i on  i n  a  3 D  en v i ro nme nt .  Ce l l  Ad h  Mig r .  6 ( 6 ) :  
p .  51 3 -7 .  
3 44 .  Cam an d ,  E . ,  e t  a l . ,  N-ca dh er in  ex p re ss io n  l ev e l  mo du la tes  
i n t eg r i n -me d ia te d  p o la r i t y  a nd  s t ro ng l y  im pac t s  o n  t he  sp ee d  and  
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7. Supplementary 
 
7 .1 Immunohistochemical  staining for Sl i t2  
 
Fo r  t he  de t ec t i on  o f  S l i t 2  o n  f r o zen  c r yos ec t io ns ,  we  t r i e d  s e ver a l  
immu no h i s to ch emica l  a pp r oa ch es .  Un f o r t u na t e l y ,  d i f f e re n t  an t i bo d ies  
r e ve a le d  d i f f e re n t  p a t t e rn s  o f  immun ore ac t i v i t y ,  wh ic h  c o u ld  no t  be  
va l i d a ted  i n  ce l l  l i ne s  w i t h  k n o wn  S l i t 2  e xp res s io n  t ha t  we r e  p r oce ss ed  
i n  pa ra l le l .  As  m os t  pu b l i sh ed  immu no h is t och em ic a l  s ta in i ng s  f o r  S l i t 2  
we r e  c on du c te d  o n  p a r a f f i n  emb ed de d  t i ssu es ,  we  c o l la bo ra te d  w i t h  Dr .  
Ru za  Ars en ic  (Dep ar tme n t  o f  Pa tho log y ,  Cha r i t é ) ,  wh o  c on duc t ed  
immu no h i s to ch emis t r y  f o r  S l i t 2  on  p a r a f f i n  emb ed de d  t i s su es  i n  o rde r  
t o  de t e rm ine  S l i t 2  e xp r ess ion  on  pa ra f f i n  m a te r ia l  o f  PDAC t i ssu es  
[ p l ea se  re f e r  t o  Su pp l .  F ig u re  1 -2 ] .  Pa ra f f i n -emb ed de d  sam p les  o f  
c u l t u r ed  PDAC ce l l  l i ne s  f o r  va l i da t io n  o f  S l i t 2  immu no rea c t i v i t y  were  
p ro v ide d  b y  ou r  l a bo r a to r y  a nd  a ls o  inc l ud ed .  T wo  c ommerc ia l l y  
a va i l ab le  S l i t 2 -an t i bo d ies  ( Ch emic on  AB570 1 ,  S ig ma- A ld r i ch  
HPA0 23 08 8)  wer e  t es te d ,  wh ic h  have  b ee n  re por t ed  a s  s u i t a b le  f o r  
S l i t 2  imm un oh is t oc hem is t r y ,  us i ng  p ub l i s he d  p ro t oc o ls .  Pa ra f f i n  
s ec t io ns  f r om  PDAC s pe c imen s  wer e  u s ed ,  wh i ch  a ls o  i n c lu de d  a r eas  
o f  n on- t r ans f o rmed  p anc r ea s  a nd  sm a l l  i n t e s t ine .  I n  p a ra l le l ,  we  
q ua n t i f i e d  S l i t 2  mRNA le ve ls  i n  c r yos ec t io ns  o f  t he  same  t i s su es  u sed  
f o r  immun oh is t oc hem is t r y  v i a  q RT-PCR to  ve r i f y  t he  p la us ib i l i t y  o f  t he  
immu no h i s to ch emica l  r esu l t s .  Se vera l  p ro b lems  wer e  n o te d :  F i r s t ,  
s t r i k i ng  d i f f e ren ce s  i n  t h e  d i s t r i bu t i on  p a t t e rn  o f  S l i t 2  immu nor ea c t i v i t y  
b e t we en  t he  t wo  a pp l i ed  an t ib od ie s  wer e  n o t i ce d .  Sec on d ,  d a ta  
o b ta i ne d  b y  q RT-PCR an a l ys i s  we r e  no t  con f o rm  to  t he  
immu nor eac t i v i t y  ob ser ve d .  F in a l l y ,  S l i t 2  immu nor ea c t i v i t y  wa s  p r esen t  
o n  se c t io ns  o f  p a ra f f i n -em be dd ed  p an c re a t i c  t umor  c e l l  l i ne s  ( p lease  
r e f e r  t o  Sup p l .  F igu re  3 ) ,  wh ich  we re  co ns is t en t l y  t es te d  neg a t i ve  in  
b o th  q u a l i t a t i ve  a nd  q u an t i t a t i ve  S l i t 2  PCR.  
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S u p p l .  F i g u r e  1 :  I m m u n o h i s t o c h e m i c a l  s t a i n i n g  f o r  S l i t 2  o n  h u m a n  s m a l l  
i n t e s t i n a l ,  p a n c r e a t i c  a n d  P D AC  t i s s u e s   
P a r a f f i n  e m b e d d e d  c l i n i c a l  s p e c i m e n s  f r o m  p a t i e n t s  w h o  u n d e r w e n t  s u r g e r y  
d u e  t o  P D A C  w e r e  u s e d  f o r  i m m u n o s t a i n i n g  u t i l i z i n g  t w o  d i f f e r e n t  S l i t 2  
a n t i b o d i e s  ( C h e m i c o n  A B 5 7 0 1 ,  d i l u t i o n  1 : 2 0 0 ;  S i g m a  H P A 0 2 3 0 8 8 ,  d i l u t i o n  
1 : 2 5 ) .  S h o w n  a r e  r e p r e s e n t a t i v e  a r e a s  o f  a d j a c e n t  t i s s u e s  o f  s m a l l  i n t e s t i n e ,  
p a n c r e a s  a n d  P D A C  w i t h i n  t h e  s a m e  c l i n i c a l  s p e c i m e n .  O f  n o t e ,  
i m m u n o r e a c t i v i t y  f o r  t h e  C h e m i c o n  a n t i b o d y  l o c a l i ze d  t o  e p i t h e l i a l  c e l l s  o f  
n o n - t r a n s f o r m e d  p a n c r e a s  ( a r r o w h e a d  i n  b  a n d  k )  a n d  P D A C  ( a r r o w h e a d  i n  c  
a n d  l )  b u t  a l s o  e q u a l l y  i n t e n s e  t o  e p i t h e l i a l  c e l l s  o f  t h e  s m a l l  i n t e s t i n e  
( a r r o w h e a d  i n  a  a n d  j ) .  I m m u n o r e a c t i v i t y  f o r  t h e  S i g m a  a n t i b o d y  w a s  b e s t  i n  
v a s c u l a r  s t r u c t u r e s  ( a r r o w  i n  n )  a n d  s m o o t h  m u s c u l a t u r e  ( a r r o w h e a d  i n  n ) ,  
a n d  l e s s  i n  e p i t h e l i a  o f  s m a l l  i n t e s t i n e ,  p a n c r e a s  a n d  P D A C  ( a r r o w h e a d s  i n  
g - i ) .  
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S u p p l .  F i g u r e  2 :  I m m u n o h i s t o c h e m i c a l  s t a i n i n g  f o r  S l i t 2  o n  h u m a n  s m a l l  
i n t e s t i n a l  
F r o ze n  t i s s u e s  o f  s m a l l  i n t e s t i n e  ( d  a n d  d )  o b t a i n e d  f r o m  t h e  s a m e  c l i n i c a l  
s p e c i m e n s  u s e d  f o r  p a r a f f i n  s e c t i o n s  a n d  S l i t 2  i m m u n o s t a i n i n g  ( a ,  b )  w e r e  
h a r v e s t e d  a n d  u s e d  f o r  s u b s e q u e n t  S l i t 2  q R T - P C R  a n a l ys i s .  H & E  s t a i n i n g  o n  
s e v e r a l  i n t e r m i t t e n t  c r yo s e c t i o n s  c o n f i r m e d  t h a t  t h e s e  t i s s u e s  w e r e  sm a l l  
i n t e s t i n a l  o r i g i n  o n l y  ( c ,  d ) .  O f  n o t e ,  w h e r e a s  q R T - P C R  d a t a  i n d i c a t e d  a  1 0 0 -
2 0 0  f o l d  l o w e r  S l i t 2  e x p r e s s i o n  i n  s m a l l  i n t e s t i n e  t h a n  i n  t h e  n o n -
t r a n s f o rm e d  p a n c r e a t i c  t i s s u e s ,  i m m u n o r e a c t i v i t y  a g a i n s t  S l i t 2  a n t i b o d i e s  
w a s  e q u a l l y  s t r o n g  i n  s m a l l  i n t e s t i n e  ( a ,  b )  a n d  n o n - t r a n s f o r m e d  p a n c r e a t i c  
t i s s u e  ( p l e a s e  r e f e r  t o  S u p p l .  F i g u r e  1 ) .  
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S u p p l .  F i g u r e  3 :  I m m u n o h i s t o c h e m i c a l  s t a i n i n g  f o r m a l i n - f i x e d ,  p a r a f f i n -
e m b e d d e d  t u m o r  c e l l  p e l l e t s  
F o rm a l i n - f i x e d  a n d  p a r a f f i n - e m b e d d e d  ( F F P E )  c e l l  p e l l e t s  o b t a i n e d  f r o m  
t u m o r  c e l l s  w i t h  e i t h e r  e c t o p i c  o r  e n d o g e n o u s  S l i t 2  e x p r e s s i o n  ( b  a n d  d )  
v e r s u s  M o c k - t r a n s f e c t e d  a n d  S l i t 2 - d e f i c i e n t  t u m o r  c e l l  l i n e s  ( a  a n d  c )  w e r e  
u s e d  f o r  i m m u n o s t a i n i n g  a g a i n s t  S l i t 2 .  O f  n o t e ,  i n t e n s e  i m m u n o r e a c t i v i t y  
w a s  d e t e c t e d  i n  M o c k - t r a n s f e c t e d  M i a P a C a  a n d  P a n c 1  c e l l s  w h i c h  l a c k  
e n d o g e n o u s  S l i t 2  e x p r e s s i o n  ( a ,  c ) .  
I m m u n o h i s t o l o g i c a l  s t a i n i n g  a p p r o a c h e s  w i t h  a n t i b o d i e s  a g a i n s t  S l i t 2  w e r e  
d o n e  i n  c o l l a b o r a t i o n  w i t h  D r .  R u za  A r s e n i c  ( D e p a r t m e n t  o f  P a t h o l o g y ,  
C h a r i t é )  a n d  i n c l u d e d  i n  t h e  s u p p l e m en t a r y  s e c t i o n  o f  t h i s  t h e s i s  w i t h  h e r  
p e r m i s s i o n .  
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7.2 MiaPaCa cel l  c lones with inducible expression of 
ful l - length Sl i t2,  Sl i t2N and Sl i t2C 
 
S u p p l .  F i g u r e  4 :  S c h e m a t i c  r e p r e s e n t a t i o n  o f  t h e  r e c o m b i n a n t  S l i t 2  
f r a g m e n t s  a n d  s o l u b l e  R o b o N  u s e d  f o r  t h e  t r a n s f e c t i o n  
( A)  S c h e m a t i c  r e p r e s e n t a t i o n  o f  c D N A  c o n s t r u c t s  e n c o d i n g  f o r  f u l l - l e n g t h  
S l i t 2 ,  S l i t 2 N  a n d  S l i t 2 C .  T h e  f u l l - l e n g t h  S l i t 2  l i g a n d  c o n s i s t s  o f  1 4 6 9 a a  
( ~ 2 0 0  k D a ) ,  c o m p r i s i n g  f o u r  l e u c i n e - r i c h  d o m a i n s  ( L R R ) ,  l o c a t e d  a t  t h e  N -
t e r m i n u s ,  f o l l o w e d  b y  n i n e  e p i d e r m a l  g r o w t h  f a c t o r  ( E G F ) - l i k e  r e p e a t s ,  w h i c h  
a r e  s e p a r a t e d  b y  a n  A L P S  d o m a i n  ( A g r i n ,  L a m i n i n ,  P e r l e c a n ,  S l i t )  a n d  a  
c ys t e i n e  k n o t  a t  t h e  C - t e r m i n u s .  F u l l - l e n g t h  S l i t 2  i s  p r o t e o l y t i c a l l y  c l e a v e d  
a t  a a 1 1 1 0 - 1 1 1 8  ( S P P M V L P R T )  c r e a t i n g  a n  a d d i t i o n a l  N - t e r m i n a l  ( B ;  
~ 1 4 0  k D a )  a n d  a  C - t e r m i n a l  ( C ;  ~6 0  k D a )  f r a g m e n t .  ( B )  U s i n g  t h e  
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d o x yc yc l i n e - i n d u c i b l e  T - R e x T M  v e c t o r  s ys t e m ,  M i a P a C a T R - S l i t 2  c e l l s  w i t h  
i n d u c i b l e  e x p r e s s i o n  o f  f u l l - l e n g t h  h u m a n  S l i t 2 ,  S l i t 2 N  a n d  S l i t 2 C  w e r e  
g e n e r a t e d  b y  t r a n s f e c t i o n  w i t h  a  S l i t 2 - c D N A  c o n s t r u c t s  t h a t  c o m p r i s e  e i t h e r  
t h e  n u c l e o t i d e s  1 - 4 6 7 0  ( f u l l - l e n g t h ;  ~ 2 0 0  k D a ) ,  1 - 3 4 6 1  ( N - t e r m i n a l  f r a g m e n t ;  
~ 1 4 0  k D a )  o r  3 4 6 2 - 4 6 7 0  ( C - t e r m i n a l  f r a g m e n t ;  ~ 6 0  k D a )  .  F o r  c o n v e n i e n t  
d e t e c t i o n  o f  S l i t 2 ,  a n  N - t e r m i n a l  F l a g - t a g  a n d  a  C - t e r m i n a l  m yc - H I S - t a g  f l a n k  
e a c h  S l i t 2 - f r a g m e n t .  I n d u c i b l e  e x p r e s s i o n  a n d  s e c r e t i o n  o f  t h e  F l a g - t a g g e d  
S l i t 2 / - N / - C  p r o t e i n  w a s  c o n f i r m e d  u s i n g  i m m u n o b l o t t i n g  o f  T C A - p r e c i p i t a t e s  
f r o m  M i a P a C a T R - S l i t 2 / - N / - C  c e l l  c u l t u r e  s u p e r n a t a n t s  f o l l o w i n g  t r e a t m e n t  w i t h  
d o x yc yc l i n e  ( D o x :  1  µ g / m l  f o r  4 8  h )  a s  c o m p a r e d  t o  v e h i c l e  t r e a t e d  c o n t r o l s .  
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h i s to l og is ch en  F rag e s te l lu ng en  u nd  t i e r e xper ime n te l l e n  Me th od en .  
J ema nd  de r  ne u  i n  e i ne  S ta d t  k ommt  b r auc h t  s o  e in en  F re un d .  
I c h  b ed ank e  m ich  b e i  Andr ea  Be hm,  d i e  g en au  zu r  re ch te n  Ze i t  u nser  
Team  ve rs t ä rk t  u nd  m ic h  g eg en  Ende  de r  Dok to r a rb e i t  im  La bor  be i  
n eu en  Pr o jek ten  seh r  un t e rs t ü t z t  h a t .  
Se hr  d ank b ar  b i n  i c h  Her r n  Pr o f .  Dr . - I ng .  Dr .  me d .  h . c .  F rh r .  von  V i l l i ez  
u nd  de r  So nn en f e l d s t i f t ung ,  f ü r  d ie  Verg a be  e i ne s  S t ip en d iums  an  
me ine  Pers on .  I ch  h abe  m ich  s ehr  ü ber  d i e  pe r sö n l i ch e  Be t reuung  
d u rc h  He r r  P ro f .  V i l l i e z  g e f reu t ,  de r  e s  s i ch  h a t  n i ch t  ne hme n  l ass en ,  
j e de n  s e ine r  S t ip end ia te n  p e rs ön l i c h  zu  be su ch en .  
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Un ab hä ng ig  vo n  de n  Per so ne n ,  d i e  m ic h  a n  d en  j e we i l i g en  S ta t i onen  
me ine r  Aus b i ld ung  u nd  me in e r  Dok to ra r be i t  un t e rs t ü t z t  h ab en ,  d ank e  
i c h  me in e r  Fam i l i e  u nd  m e in en  F re un de n .  
Me in  g an z  he r z l i ch e r  Da nk  g i l t  me ine r  Mu t te r  Ga br ie l e  Gö hr ig ,  i h rem 
u nerm üd l i c he n  Op t im ismu s ,  i h re r  G edu ld  u nd  Für so rg e .  Aus  äh n l i ch en  
Grü nd en  d ank e  i ch  I r i s ,  Jo ha nn es ,  To b ia s  un d  Da n ie l  W ehr ,  so w ie  
Bär be l ,  I rmg ar d  u nd  W a l t e r  Gö hr ig  und  Ane t t e  Qu en t i n .  W ann  immer  es  
mög l i ch  u nd  immer ,  we nn  es  nö t ig  wa r ,  war t  I h r  f ü r  m ic h  d a .  I c h  k ann  
n u r  a nd eu t en ,  w ie  w i c h t ig  d as  f ü r  m ich  wa r  u nd  i s t .   
Au ßer dem  be da nke  i ch  m ic h  be i  Be t t ek e  va n  No or t  f ü r  das  
Kor r ek tu r l es en  me in e r  A rb e i t .  
 
 
